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ABSTRACT 
The main objective of this work is to define the business potential the telecommu-
nication sector has in rural areas in developing countries. One way to enter the 
market is through a coalition which empowers the local community; people living 
in rural areas in developing countries often lack access to telecommunication ser-
vices and electricity. Radio base station sites in rural environment generally use 
diesel as a power source and the local community uses, for example, kerosene to 
provide lighting and fire wood for cooking.  
The study was conducted based on literature review and interviewing profession-
als in energy and business areas with experience and deep knowledge about the 
developing countries. Some renewable energy resources which exist in large 
amounts in developing countries were presented. As the solar photovoltaic and 
wind solutions require relatively big investment, the biomass based solutions and 
picohydro power can be implemented by the local people because of the smaller 
capital expenses. By utilizing the Jatropha plant oil, a price around 0, 40 € / kWh 
was resulted. Biogas (generated through the anaerobic digestion) on the other hand 
got a result of 0.176 € / kWh. The concerns regarding poor salary levels of agricul-
tural workers are discussed in chapter five. 
The study presents a model for a business coalition which has many factors of 
economic growth embedded in it. Capital, technology, education and entrepre-
neurship are, for example, factors impacting economic growth and thus decreasing 
poverty. Also the endogenous factors like skills and education have great effect on 
the empowerment of the local people.  
Companies in the telecommunication sector should be patient with the local eco-
nomic growth of rural communities in developing countries. In addition, both sys-
temic and open innovations are needed in order to create sustainable business. The 
short term benefit is, on the other hand, available for the local community already 
earlier in the mode of decreased poverty. 
 
Key words: business model, coalition, developing country, economic growth, in-
novation, local economy, local development, renewable energy, rural, telecommu-
nication. 
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 1 INTRODUCTION 
1.1 Background 
 
The lack of availability of modern energy services limits the overall development 
of socio-economical situation in many parts of the world. The energy services re-
ferred here are e.g. lighting, cooking, heating, refrigeration, water pumping, trans-
portation and communications (UNDP, 2004). It is estimated that 1, 6 billion peo-
ple do not have an access to electricity and the access of a billion people is unreli-
able (GSM Association, 2009). Even though it is not an unconditional necessity 
for life, the access to electricity influences human’s life in a significant way (Mus-
tonen, 2009).  
 
In parallel with call for the electricity, there is a lack for communications services 
in rural areas in developing countries. Around two billion of world’s population 
lives in villages where the basic telephone services do not exist. In addition with 
being in contact with relatives and friends, mobile phone is utilized to e.g. find out 
the rates of agricultural products in different marketplaces and inform other people 
about the availability of water or electricity. (Skarp et al., 2008). Energy and tele-
communications are, among the other types of infrastructures like water and trans-
port, the foundation of economies and societies and the essential for development 
and growth in every country (OECD, 2009).  It can also be seen that mobile 
phone, to some extent, compensates for bad infrastructure like poor roads and 
makes it possible for inhabitant in a rural villages to access information and exe-
cute one’s entrepreneurial ideas (The Economist, 2009). 
 
From the telecommunications business point of view, Carlaw and Wheelock 
(2008) see that the large urban markets in mobile telecommunication have already 
been satisfied and the emphasis of telecommunication business has been trans-
ferred to rural areas. It is expected that five billion people are connected by tele-
communication networks by 2015 (Nokia Siemens Networks, 2007). In addition 
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with voice and SMS based communications, this target includes the possibility to 
access the internet.  
 
In order to operate, mobile base stations require electricity. As referred in the first 
paragraph, the rural villages in developing countries often do not have an access to 
electricity grid. Thus different electricity generation solutions are used to provide 
the needed electricity for base stations. Currently most of the base stations in these 
off-grid locations are run on diesel. Even though the capital expense of diesel gen-
erator is low and the produced amount of electricity is predictable, diesel has sev-
eral disadvantages. For example, the price of a diesel has risen and the logistics of 
diesel to the rural site generate big operational expenses (GSMA, 2009). Total 
Cost of Ownership (TCO) of using diesel is, in the long run, often bigger than the 
deployment for example solar or wind power solution. In addition, diesel is often 
seen as a valuable enough to steal. These issues, together with the aims to decrease 
the carbon dioxide emissions of electricity production, drive the implementation 
of renewable energy solutions in energy production in off-grid locations.  
 
GSMA Development Fund (2009) estimates that the number of autonomous base 
stations run by green power solutions will rise fast from the current 1500 deploy-
ments and it has a goal of 118 000 sites to be run with renewable energy sources 
in developing countries by 2012. The estimation made by the GSM Association 
(2010) regarding the total number of off-grid base stations is nearly 639 000 by 
2012 in the developing world. 
 
The following figure is outlining which applications can be available when energy 
infrastructure is built in sufficient level. All the applications presented here are 
about to benefit the local community.  
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Figure 1. Outline of the possible applications based on the availability of electric-
ity (Skarp, 2009) 
 
In addition with the infrastructures, there is a significant importance with the local 
activity when the sustainable local economic and social growth develops in rural 
villages. The developing local economy increases the possibilities for inhabitants 
to live in their home villages and gain improved quality of life. The concept and 
characteristics of local economy have an imperative role in this research. 
 
Stern emphasizes the role of investment climate and empowerment of low-income 
people in order to reduce poverty and create economic growth. The first one re-
flects the need for private investment in order to create sustained economic 
growth. The latter one, in addition with the making decision regarding their own 
lives, underlines the need for investments in health and education as well as the 
need to build institutions in developing countries. According to Stern, the edu-
cated and healthy people are able to empower themselves and impact the eco-
nomic and social growth. (Fields and Pfeffermann, 2003) 
 
The projects targeting to create new infrastructure and eventually new, sustainable 
and functional business ecosystem require investments and several different com-
petencies. The coalition approach is often the solution in these kinds of projects as 
it provides a frame for cooperation. One fundamental characteristic of coalition is 
that the common goal cannot be successfully reached without the participation and 
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contribution of each of the partners. A successful coalition creates a win-win 
situation benefiting all the participants. 
 
This study is conducted for Nokia Siemens Networks which is a global provider of 
telecommunication equipments and services. By having the turnover of 15 Mrd € 
in 2008 and employing approximately 61 000 persons, Nokia Siemens Networks 
is one of the largest companies in the branch in world. 
1.2 Research objective and scope 
 
The purpose of this research is to deepen the understanding what is the role of 
local economical and social development in rural villages in order to create sus-
tainable business possibilities for telecommunication equipment and service pro-
vider (NSN) in developing countries. The local development is researched espe-
cially through the energy as an infrastructural fundament and the renewable energy 
production especially. 
 
Based on the purpose, the research has the following objectives; 
• to collect together the characteristics of local economic development and 
social growth in rural areas in developing countries and thus increase the 
understanding of the local economy concept from NSN point of view 
• to analyze and compare the renewable energy solutions regarding how they 
create wealth to villagers and benefit the local economy  
• to define the potential long-term business opportunities for telecommuni-
cation equipment and service provider (NSN) which are based on the us-
age of renewable energy sources and the development of local economy in 
rural areas 
• to present a business case for electricity production based on the technol-
ogy chosen.  
 
This research collects together the common characteristics of rural villages in de-
veloping countries but presents also the differences the areas have related to their 
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location, climatic environment, cultural differences, political atmosphere etc. The 
theoretical and especially empirical findings are mainly from sub-Saharan Africa 
and Asia. 
 
Certain limitations are made in this research. The renewable energy solutions are 
discussed from financial and ethics point of views and only to some extent from 
technical angle. In addition, the renewable energy solutions targeted in this study 
are small scale solutions. The non-renewable energy solutions to produce the elec-
tricity are excluded from the scope of research. Also, this study focuses on rural 
areas in developing countries and does not contain the urban and sub-urban areas 
related considerations. 
1.3 Research approach and methods  
 
Dul and Hak (2008) define that “theory-oriented research aims at contributing to 
the development of theory”. The local economy research part of the work can be 
defined as theory-oriented even though a new theory is not being developed nor 
any existing theory is tested. The work discusses about the research conducted in 
different scientific disciplines and contributes the discussion from the telecommu-
nication equipment and service vendor’s point of view.  
 
The research collects together several theories related to renewable energy, local 
economic development and business innovations and the outcome shall contribute 
to the business development. All these three entities are considered from the point 
of view of rural areas in developing countries and on the other hand from NSN’s 
perspective. The literature review parts are written based on books, reports, data 
sheets, journals and internet web-pages. New empirical data is covered in the con-
text, not as a separately. The approach of the calculated business case is empirical 
and practical. 
 
The research is conducted by using the qualitative method. Maylor and Blackmon 
(2005) define that “in qualitative research, research questions will focus on in-
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creasing understanding of a particular issue”. This definition fits well to this re-
search as the interviews have been requested from the professionals who are able 
to provide the needed information for this research. The interviewees are experts 
in universities, ministry, funding organization, export promotion etc. They repre-
sent the areas of energy, financing, foreign affairs and have much understanding of 
the developing countries. Thus they provide an empirical angle to the research 
based on their experience. It shall also be noted that the findings, opinions and 
perceptions of interviewees are not usually unambiguous but might need explana-
tion.  
 
The interview questions (Appendix 1) were structured below the topics of renew-
able energy, local development and business model. The list of questions was sent 
to the interviewees before the face to face meeting. Generally, the interviewees 
committed themselves to the topics they are most familiar with. Even though most 
of the data was collected in interviews, some data which came up in informal dis-
cussions is also referred in the research. The information from Africa Energy Fo-
rum 2009 which the researcher attended is utilized too. 
 
Researcher’s acquaintance with the topic is based on the references, not on the 
personal experience from field. The business modeling part of the work represents 
the learning process as required in the international business management pro-
gram.  
1.4 Structure 
 
The introduction part of this research includes e.g. the purpose, objectives and 
limitations of the research. Also theoretical framework and research methods are 
described.  In second chapter, some widely known renewable energy solutions for 
powering the base station and rural village are presented. The third chapter de-
scribes the issues impacting local economical and social development in rural vil-
lages. For example, the factors of production and the political, regulative and so-
cial characteristics are discussed. Chapter four introduces the potential financing 
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parties and the type of finance they provide. Strongly affecting the proposal for the 
local economy coalition as one outcome from this study, the systemic and open 
innovation concepts are discussed in this chapter. Chapter five introduces the 
business case calculations and in chapter six, the conclusion are made and the re-
search is summarizes. 
 
Each sub chapter under chapters two, three and four include first theoretical re-
view of the topic which is the followed by the empirical findings.  
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2 RENEWABLE ENERGY RESOURCES 
 
This chapter describes the potentiality of solar, wind, bio fuels and hydro power as 
renewable resources for electricity production in areas without an electricity grid. 
It shall be noted that the focus regarding renewable energy solutions in this 
research is in small scale autonomous electricity production (output 100 kW or 
less). These types of solutions produce enough electricity for the base station site 
and for some applications requiring electricity in the local village.  
 
A general classification of energy sources is presented in the figure below. The 
classification is not unambiguous; for example the more detailed classification 
inside the biomass section varies regarding the information source. In this figure 2, 
the biomass section is classified by the author. 
   
 
Figure 2. Classification of energy sources. (Energy Resources, 2010). 
 
It is stated by the IEA (2009) that “the renewable energy increases diversity of 
energy supplies and can replace diminishing fossil fuel resources over the long 
run”. Renewable energy currently meets 2-3% of world demand for energy genera-
tion (State of the world, 2009). Especially in the developing countries, many re-
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newable energy resources are available and potential for energy production. As the 
demand of renewable energy has grown in developed countries, the economies of 
scale impact that developing countries have increased access for it too. (IEA, 
2009). 
 
The distributed electricity production requires less technologies and capital in-
vestment than the large scale power plants with high voltage transmission lines 
(Renewable Energy Sources, 2009). Vartiainen et al (2002) have defined that 
better quality on power generation; improved reliability and decreased need for 
grid extension are some of the benefits of distributed energy production. Anyway, 
the availability of sufficient maintenance skills and spare parts shall be ensured in 
order to keep the electricity generation ongoing. (Eerola, 2009). In order to have 
fully independent energy production solution based on renewable sources, the 
storing solution and accurate weather data shall be in use. The energy production 
should thus be in a level which keeps the batteries charged. (Häkämies, 2009). 
Also the lead batteries used for back-up purposes need maintenance (Paatero, 
2009). 
 
The renewable energy resources presented in the following sub-chapters are 
commonly used. Many interviewees referred to them as resources for a small scale 
electricity production. Moreover, for example solar and wind based solutions are 
included to energy solution offering of Nokia Siemens Networks (NSN Energy 
Solutions, 2009) to be used in off-grid radio base station sites.  
2.1 Solar energy 
 
Among the potential renewable energy resources, the solar power has a relevant 
importance in rural electrification in developing countries. In the region called as a 
solar belt, the insolation is intense and sun shines frequently. The intensity of inso-
lation changes because of the change in sun’s location (Pidwirny, 2007). The belt 
is located approximately between the 40th parallels north and south (Solarmille-
nium, 2009). For example in Africa and South-East Asia there is usually much 
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solar insolation to be utilized. Many developing countries or parts of them are 
located in this sunlight rich region.  
 
The map below presents the amount1 of solar energy in hours during the worst 
month of the year regarding the insolation. 
 
Figure 3. World Insolation Map 2008. (SunWize Solar Power Systems, 2009) 
 
Based on the map, it can be stated that the solar insolation is intense especially in 
Africa where the need for off-grid electricity is also big. 
 
It shall anyway be noted that near the equator, the heat from the sun creates the 
uplift of air and results heavy rains and thunderstorms. In addition, the rainy sea-
son between May and September originated from the monsoon winds especially in 
India and South-East Asia should be taken account. (Encyclopedia of Atmospheric 
Environment, 2009). Those cloudy and rainy days decrease the amount of sunny 
days to be utilized for solar insolation based power generation. On the other hand, 
the produced electricity is stored to the battery system. Therefore the electricity is 
available also on the cloudy and rainy days for some time.  
 
                                                
1
 “Amount of solar energy received each day on an optimally tilted surface and based on accumu-
lated worldwide solar insolation data” (SunWise Solar Power Systems (2009), World Insolation 
Map 2008) 
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The solar photovoltaic (PV) is the main solution for electricity production from 
solar insolation. Technology is based on the silicon diodes in solar panels which 
become electrically charged when situated towards sunlight. One hour of full sun 
provides about 1000 Wh/m2 (1 kWh/m2) of energy. As already discussed above, 
the insolation varies due to hour of the day, season and weather conditions. (So-
lar4Energy, 2009). Vartiainen et al (2002) refer to the 1000 hours / year being the 
utilization period of the maximum load of the solar power (Bergman et al, 2005).  
 
The efficiency of the PV technology varies based on the type of material used. By 
using monocrystalline silicon, the efficiency level of 14…17% is reached. Poly-
crystalline silicon provides a little bit lower efficiency and amorphous silicon just 
5…7% of efficiency in production phase. (The Solarserver, 2009). The thin-film 
solar cells can be made also from non silicon materials such as cadmium telluride 
in addition with the amorphous silicon and they can be used for example as roof 
tops and facades because of their flexibility (NREL, 2009).  
 
Many interviewees noted that the capital costs of solar systems hinder the invest-
ments. Even thought the prices of solar panels have dropped off already to 1,25 
€/Wpeak (Wipper, 2009) and they are still expected to decrease, people in devel-
oping countries can not yet actively buy solar panels because the prices are too 
high for them. European Commission Research (2009) has reached the efficiency 
maximum of 16.4% and manufacturing cost of 1€ / Wpeak by using thin silicon 
wafers, advanced cell design and processing, new module assembly, and high effi-
ciencies. The reduction of conversion losses at the surfaces of the cells has also 
been significant in the project. The nanotechnology is also impacting the cost de-
crease of the solar panels. General Electric Global Research (2007) has developed 
a scalable silicon nanowire-based solar cell. It has a potential to achieve 18% effi-
ciency and be produced with much lower cost than common solar cells (Solar-
Buzz, 2009). Third-generation solar cells are being manufactured from new 
materials besides silicon. For example solar inks using conventional printing press 
technologies, solar dyes, and conductive plastics are the techniques utilized. 
(ReV2G, 2009). 
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The life expectancy of the solar panels is rather long, approximately 20 years. So-
lar panels do not require much maintenance nor do they wear easily because there 
are no moving parts in them. Therefore, the operating expenses of solar panels are 
low. (Vartiainen et al 2002). The solar power solution is also relatively user-
friendly. The maintenance should anyway be available when needed; the panel 
system might be left without repairing because of the lack of spare parts and/or 
skills to do the maintenance work (Mustonen, 2009). 
 
Using the solar thermal system is another solution to utilize the energy from sun. 
The system is based on a box with a black, absorbent plate and fluid which heats 
when going through the collector. The hot fluid then heats the water to be used for 
household use. (Solar Energy International, 2009). Cooking is one application in 
which the solar thermal systems can be utilized.  
 
Based on the interviews, the solar power has a big potential in energy generation 
in off-grid areas for example in the southern part of Pakistan, Northern Vietnam, 
Zambia, South Africa, Laos, Cambodia and Nepal. In addition with the fact that 
many inland areas have much insolation, the weather conditions for wind energy 
are worse inland and better in coastal areas. Thus, the solar becomes more impor-
tant as renewable energy solution inland.  
2.2 Wind energy 
 
Wind is one form of solar energy. Winds are caused because the sun heats the at-
mosphere in uneven way, the irregularities in the earth's surface, and because the 
earth is rotating. The irregularities in the earth’s surface mean for example terrain, 
vegetative cover and the accumulations of water (for example oceans, seas and 
lakes) and they impact the wind flow patterns. The wind flow is gathered by the 
wind turbines and is generated for electricity. (Wind Energy Development, 2010). 
 
There are several factors which affect to the power gained from a windmill. The 
power is calculated by using the formula below (Uyar, 2009): 
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35.0 VArhoP ⋅⋅⋅= , in which  
•
 P is power (W)  
•
 rho is the air density (kg/m3), this is about 1.225 kg/m3 at sea level, 
less in higher altitudes 
•
 A is the swept rotor area (m2)  
•
 V is the speed of the wind (m/s) 
 
A significant issue is that when the wind speed doubles, the wind’s power in-
creases by a factor of eight. It shall also be noted also that the real power that can 
be extracted from the wind will depend on several factors like the machine type, 
the rotor used, the blade design and the losses caused by frictions. In theory, a 
maximum of 59.3% of the power from the wind can be extracted. (Uyar, 2009). In 
addition, the daily and seasonal wind cycles, wind direction and obstacles impact 
to the gained wind power. The utilization period of the maximum load of the wind 
power is 2500 hours / year (Vartiainen et al. (2002). 
 
In the maps below, the mean wind speeds in the hub heights of 20 and 50 meters 
are presented. It can be seen that the wind conditions are favorable in the coastal 
areas for electricity production. The flat, landlocked countries have more limited 
wind power potential than countries with a sea coast and mountainous areas (Mus-
tonen, 2009). 
 
  
Figures 4 and 5: Wind speeds in the heights of 20 meters (figure at left) and 50 
meters (figure at right) in Africa. ©2008 3tier. Imagenary ©2009 TerraMetrics, 
NASA. 
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Figures 6 and 7. Wind speeds in the heights of 20 meters (figure at left) and 50 
meters (figure at right) in Asia. ©2008 3tier. Imagenary ©2009 TerraMetrics, 
NASA.  
 
Based on the information provided by these maps, it shall be noted that in the 
height of 50 meters, the wind potential increases also inlands (Scheck, 2009). 
Thus the wind energy could be considered as a power resource also in landlocked 
countries by focusing on bigger wind mills. In overall, the location specific re-
search and accurate wind speed data are essential when wind is planned to be the 
main energy source for off-grid purposes 
 
The scale of different wind turbines is large. The term ‘small wind’ is generally 
used to describe a wind energy generator system that could be purchased to pro-
vide electricity for domestic, onsite purposes. BWEA (2009) defines the ‘micro 
wind’ as a wind turbine having a size under 3, 5 kW and ‘small wind’ sizing less 
than 50 kW. The largest turbines deliver several megawatts of power and are often 
used in off-shore wind farms. 
 
Wind power solution used for off-grid electricity production has some challenges. 
According to International Energy Agency (2008), the power production based on 
small and micro wind turbines still suffers with reliability issues. The wind direc-
tion and strength do not stay same in one site (ABI Research, 2008), so wind is 
erratic. ABI Research (2008) also sees it more probable that wind power is utilized 
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together with other power generation solutions like solar and diesel as a hybrid 
solution. Wind has not done the breakthrough in small scale yet (Eerola, 2009).  
2.3 Biomass 
 
Similarly with the wind energy, also bioenergy originates from the solar energy. 
Sun’s energy is captured via the photosynthesis process by the growing plants. 
(IEA, 2009). Bioenergy means any fuel that is derived from biomass; whether re-
cently living organisms or their metabolic byproducts (About.com: saving energy, 
2009). It is defined by the Business Dictionary (2009) as “bioenergy is energy ob-
tained from bio fuels”. Bio fuel, on the other hand, is defined by them as “fuel 
derived from organic matter (obtained directly from plants, or indirectly from 
agricultural, commercial, domestic, and/or industrial wastes) instead of from fossil 
products”. These two definitions together mean that biomass and bio fuel can be 
understood as a same thing. International Energy Agency (IEA, 2009) makes the 
definition somehow differently. According to them, bioenergy means the utiliza-
tion of the biomass for heat or electricity. Moreover, they define the bio fuels (in 
liquid form) to be utilized for transportation. In this work, the bio fuels are consid-
ered to be utilized for electricity generation. According to FAO (2009), there are 
three types of bio fuels; solid, liquid or gaseous. They can also be classified as 
primary or secondary fuels. 
 
Small-scale bioenergy produced in a local community can have a significant role 
in rural development in a developing country (Clancy et al, 2003; FAO, 
2009). Both the access to the modern energy as well as it serving the opportunities 
for the creation of new economic is influential factors locally. Also replacing the 
traditional biomass with the modern solutions to some extent can increase the en-
ergy production efficiency and, as already discussed earlier, decrease the adverse 
impacts to human’s health. (FAO, 2009). In Quaak et al, (2008), Bond states that 
energy is often in short in countries with greatest biomass resources. 
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In order to start the sustainable and efficient production of the modern bio-based 
energy, the local communities need certain assistance. The following are the ex-
amples of supporting services related to small-scale bioenergy production: financ-
ing, fertilizers, machinery, transportation, legal assistance, technology R&D, bar-
gaining support, training, capacity building, market information provision, market-
ing (Practical Action Consulting, 2009). Some services are required at the early 
phases of the operations; some are needed on continuing basis. According to this 
study, the donors and government’s participation are more expected when the en-
ergy project includes also the rural development angle. 
 
The different types of bioenergy are described in the following sub-chapters.  
2.3.1 Biogas and biomass combustion and gasification  
 
Biomass is a traditional source for energy in developing countries. Solid biomass 
means primarily wood, by-products from forestry and agricultural production (e.g. 
harvest residues) and animal dung. The most important share of biomass by far is 
wood. (TAB, 2001). Quaak et al (2008) on the other hand see that wood as such is 
too valuable to be utilized in energy production. Real residues of wood as bark, 
sawdust and misshapen or odd-sized pieces are often more cost-effective to use as 
fuel. The agricultural residues like straw from grains, husks from rice, coconuts, 
coffee, and stalks from maize or cotton, bagasse from sugar cane can also be util-
ized as well as thinnings and verge grass from conservation and forestry. Energy 
cropping provides new spur for agricultural sector. Poplar and willow grow fast in 
moderate climates and sugar cane or sweet sorghum in tropics. (Quaak et al, 
2008). 
 
The biomass material impacts heavily to the design of combustion or gasification 
systems. Each biomass type has it own kind of moisture, ash and volatile matter 
content, elemental composition, heating value and bulk density. These properties 
determine the performance in gas or combustion processes. Commonly, the energy 
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densities of biomass are approximately one-tenth of what the fossil fuels such as 
petroleum of high-quality coal have. (Quaak et al, 2008).  
 
The fixed bed is the simplest one of the gasification systems. The biomass moves 
through the reactor’s drying, distillation, reduction and heart zones. Air is taken in 
from the bottom and gas goes away at the top. The technology is simple, it burns 
out the high amount of charcoal, provides low gas –exit temperatures and high 
gasification efficiency. Also the high moisture content can be used and feedstock 
of material with different sizes too. On the other hand, the system provides much 
tar and pyrolysis products. The other types of gasifiers are downdraft or concurrent 
gasifiers, cross-draft and open-core types. (Quaak et al, 2008). 
 
Another solution to produce biogas is through the anaerobic digestion of the 
biomass. The utilization of the methane generated from the bio-based waste in 
digestion process is already widely utilized in modern landfills. The use of an-
aerobic digestion is potential and ever more used as a solution in rural, off-grid 
areas in domestic and small scale power production. (IEA, 2007). The generic 
figure below gives an overview of the anaerobic digestion system. 
 
 
Figure 8. An overview of typical biogas system (OEKOTOP, no date). 
 
The process is grounded on the fermentation in which the organic material is im-
pacted and broken down by the activity of bacteria in the airtight container. The 
products from the process are methane (CH4) in the respectively share of 2/3 and 
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carbon dioxide (CO2), with the share of 1/3. Small amounts of nitrogen, hydrogen 
and hydrogen sulphide can also be occurred. (AGAMA Energy, 2008).  
 
The methane produced is the combusted in a micro turbine for electricity. 
AGAMA Energy (2008) defines that 1 m3 of biogas is needed for the output of 1, 
5 kWh or cooking time of two hours. Thus, in order to produce 60 kW of electric-
ity with a generator per day, 750 m3 of biogas is required. On the other hand, 
Green Power India (2009) defines that the caloric value of biogas is about 6 kWh / 
m3 which corresponds to about ½ liter of diesel oil.  
 
The system requires a daily feeding with the mixture of biomass. The slurry is 
discharged to compost pit and does not require labor work. The systems require 
checking occasionally and basically just the piping and fitting might need some 
maintenance. The costs of the anaerobic digestions systems are relatively low. The 
vessel for the digestion is usually underground and can be made from plastic or 
cement. In domestic scale, the total investment costs are approximately 400 - 600 
€
2
 in Africa. (Biogas Africa, 2009). Some income can also be obtained by the lo-
cal workers when the vessels for biogas production are built (Korhonen, 2009).  
 
Biogas is also a solution for local waste management as bio-based waste can be 
handled as a resource for energy production. In addition, the sludge can be utilized 
as fertilizer in cultivation because the accumulation of heavy metals is nowadays 
little. (Paatero, 2009). If the bio fuel production exists, the remains of the plants 
can be utilized in biogas production. 
 
The biomass and charcoal can also be combusted in grate kettles. The burning is 
anyway incomplete and creates lot of ash. (Paatero, 2009). The small-scale sys-
tems need to be supervised and the interruptions might occur in them too (Quaak 
et al, 2008). 
 
                                                
2
 From $600 to $900 
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Carbon
 
is absorbed to plant biomass in photosynthesis. Plant and soil as well as 
animal respiration emits CO2 to the atmosphere (or as CH4 in anaerobic condi-
tions). The decomposition of dead biomass also emits greenhouse gases. The fires 
of vegetation can significantly impact the CO2 and CH4 emission to the atmos-
phere on yearly basis. However, much of the CO2 is recaptured by the biosphere 
on decade basis as the vegetation re-grows. (IPCC, 2007). 
 
Depending upon the completeness of combustion and other factors, 1 t of biomass 
produces an average of 1.5 t of CO2 (Lineback et al., 1999). The general definition 
is that when biomass burns, it releases about the similar amount of CO2 as the 
burning of the fossil fuels. Usually, after the emissions generating from the 
farming techniques, harvesting machines and vehicles as well as processing of the 
fuel are calculated too, the total CO2 emissions from biomass combustion are low 
compared to the fossil fuels. (NREL, 2010). Based on the note in IPCC’s report 
(discussed in previous paragraph), the utilization of the waste biomass for energy 
production could be supported. It should anyway be noted that the decomposing of 
the non-growing biomass is fertilizing the ground and enhances the growth of 
other plants.  
 
The private households use solid biomass most for cooking and heating. Cooking 
stoves, burners and ovens are used in converting the solid biomass to energy. 
These technologies are used mostly (as the average level) in Latin America (up to 
35%) and the least in Africa (up to 21%). When more developed technologies are 
introduced, the problems have occurred because of the cultural adaptation or 
shortcomings of the new technologies. (TAB, 2001). 
2.3.2 Plant oil and biodiesel 
 
Liquid bio fuels are produced from agricultural and forest products or biogradable 
fraction of municipal and industrial waste. Biodiesel and bio ethanol are the two 
most common types of fluid bio fuels. They are used for as transport fuels as well 
as for heating, cooking and electricity generation. (Rossi and Lambrou, 2009). 
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Dufey (2006) defines that the bio ethanol can be produced from starchy and cereal 
crops like sugarcane, corn, beets, wheat and sorghum. Biodiesel on the other hand 
is produced from oil crops and trees like rapeseed, soy, sunflower, palm, jathropa 
and coconut. (Rossi and Lambrou, 2009). 
 
Sims et al. (2008) refer to the common understanding about the need to find other 
solutions for first generation bio fuels. This is much because of the question about 
their sustainability; 1st generation biomass are produced mainly from food crops 
(grains, sugar beets and oil seeds). This creates a competition regarding the alloca-
tion of the land and water resources. The second generation biomass is non-food 
biomass. The lingo-cellulosic -based feedstock include cereal straw, bagasse, for-
est residue and purpose-grown energy crops (vegetative grasses, short rotation 
forests). The overview of the technologies is presented in Appendix 3 (DESA, 
2007). 
 
Jatropha curcas L. is one feedstock for biodiesel. It is a tall bush or small tree (up 
to 4- 5 m height) of the euphorbia family, originating from the Central America 
(Eerola, 2009). It is not edible and is thus used as a hedge for withholding the 
animals from gardens and fields and also preventing the erosion. In addition with 
oil production, Jatropha seeds can be utilized for soap, candles and medicines. 
There are approximately 175 species of Jatropha. Jatropha cultivation, oil extrac-
tion, and production of biodiesel can be operated in many different scales; for sub-
sistence, at micro-level, at community or cooperative farming and at larger-scale 
commercial level (DESA, 2007). 
 
Jatropha needs 400-500 mm of rainfall per year and can survive through the 
drought periods. Its life cycle from the economic point of view is approximately 
35-40 years. (DESA, 2007). Jatropha can manage in slopes, in soil depth of 30 cm 
and soil pH of 4, 5. The average minimum temperature of coldest month can be 
7ºC but the mean annual temperature should be between 18 and 28 ºC. (Muys et 
al. (no date). 
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The map below presents the potential areas for growing Jatropha. 
 
Figure 9. Global land suitability for Jatropha. (Muys et al., no date). 
 
It can be seen that Jatropha can grow very widely in global scale. The highest suit-
ability can be located only certain areas and in some areas, like Northern Africa, 
the suitability is low or even zero. The best yields are able to be gained from the 
areas with high land suitability (blue) and in most of the medium land suitability 
areas (Muys et al., no date). According to some other sources, the Southern Africa 
does have better suitability for Jatropha cultivation than presented in this figure 9. 
 
A full harvest can be started in third year even though the fruiting starts already on 
first or second year. Jatropha seeds have a high content of oil; it varies between 25 
to 37 percent. (DESA, 2007). Seed production of Jatropha varies from 2000kg / ha 
to over 12500kg / ha per year and is much dependent on the water, nutrients, heat 
and the age of the plant. (JatrophaWorld, 2009). According to Brew-Hammond 
and Crole-Rees (2004), from three to four kg of Jatropha seeds are needed in order 
to produce one liter of oil. This means a yield from 3 to 4 meters of Jatropha bush. 
For example multifunctional platform pilot in Mali required over 600 liter of oil 
annually. That means the yield from the several kilometers of Jatropha bushes 
(hedge) is needed. Thus the quantity of the hedges needed might be a relevant is-
sue. 
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The plant oil can be used directly in suitable small combustion engines, larger 
diesel generators, or vehicle diesel engines. It is also valid for cooking and light-
ing. The suitability of the equipments the oil is used in shall be ensured in ad-
vance. The following figure presents the process flow of plant oil production. 
 
 
Figure 10. Simplified process flow of Jatropha vegetable oil production. (modified 
from Venturini Del Greco, G and Rademakers, L., no date). 
 
The another option is to process the pure oil further through transesterification 
into biodiesel, which can then be blended with diesel or used as such in most en-
gines and generators. The production of biodiesel starts with crushing the oilseeds 
in order to extract the oil. The residue which remains left from the crushing can be 
used as a fertilizer or for feeding the animals. The raw plant oil is then filtered and 
mixed with ethanol or methanol to start an esterification reaction. In esterification, 
the methyl esters are separated for basis for biodiesel. (DESA, 2007). 
 
Jatropha has been utilized by rural populations in various African countries for 
decades. (DESA, 2007). Muys et al. (no date) define that Jatropha has local poten-
tial in countries where fossil fuel consumption is low (correlates with poverty) and 
marginal land exists (like in Madagascar and Ethiopia). There are some hindering 
issues which impact to the sustainability of Jatropha cultivation and utilization. 
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They are discussed in the chapters under the Labor (3.5) and Land and natural 
resources (3.7) titles.  
2.4 Hydro power 
 
Capturing the energy from the water flowing from a high level to a lower level and 
using it to produce electricity or mechanical energy is called as hydro power. The 
head (change in elevation) supplies the pressure, which the drives the turbine. The 
other factor impacting the power production is flow. It is usually limited by the 
size of the brook channel. When the head or flow increases, the power output in-
creases proportionally. (Energy Alternatives, 2009). The electrical energy may be 
used directly or stored in batteries. (International Small-hydro atlas, 2009). 
 
There are differences in the classification the countries have for small scale hydro 
power systems regarding their power rating. Most commonly, the systems produc-
ing 1-10 MW (sometimes up to 30MW) are called as small hydro systems. The 
systems producing less than 1 MW but more than 100 kW are usually defined as 
mini hydro systems. Micro hydro, for one, is typically understood as solution pro-
viding less than 100 kW of energy. (Microhydropower, 2009). The solution to 
produce water power up to 5 kW is pico hydro (Picohydro, 2009). Vartiainen et al 
(2002) define that small and mini hydro power production in the power range less 
than 10 MW is understood as distributed production. 
 
It can be said that where a flow of water is available, the energy potential is too 
(Alternative Energies, 2009). There is some seasonal variation in a flow and the 
peak falls on winter time. Thus it shall be considered if there is enough flow all 
around the year. The cost efficiency of small hydro is also a benefit. In Laos, a 
pico hydro system of 200W can cost for example 22 €3 (Luukkanen, 2009). 
 
                                                
3
 30 USD, exchange rate 0,73627 
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Hydro power is seen as a significant way to produce electricity in rural areas with 
water resources. The advantages of hydro power are its safety and reliability. In 
Nepal, most of the rural energy projects are based on small hydro and solar power. 
The wind power potential existing there has not yet been harnessed commercially. 
(Poudyal, 2009). In South-East Asia (e.g. in Vietnam and Laos), hydro is used and 
has much potential because of the big falls and small rivers. In Zambia, the hydro 
has also potential (Mfula, 2009).  
 
There are also some special issues which shall be taken into account. For example 
in Laos, the misfired bombs existing in ground set some challenges for the rural 
electrification projects in certain parts of a country (Luukkanen, 2009).   
2.5 Summary of renewable energy solutions 
 
As already stated, renewable energy provides significant potential to electrify rural 
off-grid areas and replacement for the fossil fuels. The renewable energy sources 
discussed in this chapter have relatively good availability in developing countries. 
In the table below, the reliability, cost level and labor need of these resources are 
presented as a summary. 
 
Table 1. Summary of renewable energy solutions 
Power 
resource 
Potential areas Advantages Labor intensiveness 
Solar Sunbelt area Low operational 
cost, low mainte-
nance need, useful 
life > 20 years 
Generally low, certain 
maintenance work 
needed. Security re-
lated tasks.  
Wind Coastal areas, in the 
height of 50 m, in 
mountainous areas 
Low operational 
cost, useful life > 
20 years 
Generally low, certain 
maintenance work 
needed 
Biomass Very large availability Low capital costs. 
Almost independ-
ent of location. 
Waste management 
solution when di-
gested biomass is 
gasified. 
High, impacts women 
and children more  
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Liquid 
bio fuel 
Jatropha in large areas 
in sub-Saharan Africa, 
Asia, Latin America  
Low capital costs High. Bio diesel re-
quires more labor 
than vegetable oil. 
Also hand pressure 
takes more time than 
electric pressure. Im-
pacts women and 
children more. 
Hydro South-East Asia, 
countries with water 
resources and certain 
elevations. 
Reliability, low 
capital costs 
Generally low, main-
tenance work possibly 
 
In addition with the good availability and relatively low operating expenses, the 
advantages of renewable energy utilization in rural areas in developing countries 
are the positive impact to health of people (decreased need to burn kerosene for 
lighting) and decreased CO2 emissions. 
 
When renewable energy solution is considered for electricity production, the good 
preliminary study shall be conducted. The study should include the forecast of 
electricity consumption, information of the amount of initial energy available and 
how the availability might differ based on the time of a day, season or even year. 
The hybrid solutions should be considered as well as sufficient battery storage. 
Also diesel back-up is to be defined if the electric equipment does not stand any 
break in electricity feed. 
 
Another important fact with renewable energy solutions are the operation and 
maintenance phases. Using the solar, wind or hydro require relatively low amount 
of labor during the use phase. Anyway, as pointed out by many of the interview-
ees, the maintenance is a critical point.  
 
As already stated in the introduction of this work, the availability of affordable 
and reliable electricity is a key to local economic development and growth. In this 
chapter, some common renewable energy resources have been presented. In order 
to understand the local development more widely, some fundamental production 
and other factors impacting the local development are discussed in the next chap-
ter.  
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3 LOCAL DEVELOPMENT IN A RURAL VILLAGE  
 
This chapter discussed local economic development and social growth. First, some 
theories of local economic development are presented. Based on theories and in-
formation received from interviewees, some of the production factors and capaci-
ties impacting significantly the development are described both in general level 
and within the context of the renewable energy. 
3.1 Local development related definitions 
 
The American Economic Development Council’s (AECD) definition of economic 
development says that “it is a process of creating wealth through the mobilization 
of human, financial, capital, physical and natural resources”. Bingham and Mier 
see that the role of public sector is to support the private sector in a job creation 
while, for example, contributing also by itself as an investor for infrastructure. 
According to them, the public sector should also ensure that the job and wealth 
creation is done by taking both short and long term interests of the community into 
account. (Bingham and Mier, 1993). 
 
Blakely and Bradshaw (2002) say that local economic development means a proc-
ess in which local governments or community-based organizations encourage or 
maintain the business activity and employment in the area. Blakely and Bradshaw 
(2002, page xvi) also state that 
 
“The principal goal of local economic development is to 
stimulate local employment opportunities in sectors that 
improve the community using existing human, natural and 
institutional resources”  
 
For the terms ‘local’ and ‘regional’, one definition is that they refer to a geo-
graphic area inside which the residents commute (Blakely and Bradshaw, 2002). 
The authors tie these terms closely with the common economic base of local gov-
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ernment authorities and their allowance for residents to commute. In this work, the 
term ‘local’ is used in the meaning of one rural village or group of them. The size 
of rural village can vary from couple of hundreds to several thousands of inhabi-
tants. Thus the rural area or village is not an unambiguous definition (Poudyal, 
2009; Mustonen, 2009). Concerning a remote site, Gipe (2004) refers to a rule that 
it is cheaper to install an independent power system if the distance to utility ser-
vice is more than a kilometer than to bring in utility service to the site (WWEA, 
2009). It might also occur that the inhabitants of the village might resist the build-
ing of the autonomous energy solution. Instead, they would like the village to be 
connected to electricity grid (Eerola, 2009). When having an autonomous system 
in use, the schedule for extending the grid to the village might be delayed; if not 
the existing plans are completely withdrawn. 
 
In addition with the ‘rural’, the other fundamental definition in this study is a de-
veloping country. The World Bank classifies4 the countries into high-income 8052 
€ or more), upper middle-income (2608 € - 8051 €), lower middle-income (660 € - 
2607 €) and low-income (659 € or less) economies5. Even though the classifica-
tion does not define the development status of a country, the low-income and 
middle-income economies are sometimes called as developing economies. (World 
Bank, 2010). Further more, the Least Developed Countries (LDC) have some spe-
cific features related to low-income level and weaknesses in health, nutrition, edu-
cation and adult literacy. The economic vulnerability regarding the for example 
instability of agricultural production and the percentage of population which have 
to move because of the natural disasters are also criteria for LDCs. (UN-OHRLLS, 
2009). 
 
Pelle (2007) defines that the developing countries have growth and improvement 
in the living conditions. The fast growing countries have a high rate of growth and 
                                                
4
 World Bank has done the classification according to 2008 GNI (Gross National Income) per 
capita and used the World Bank Atlas method in calculations. 
5
 The incomes in US dollars as the World Bank has presented them originally in this currency: 
High-income $11,906 or more, upper middle-income $3,856 - $11,905, lower middle-income $976 
- $3,855 and low-income 975$ or less. Exchange rate 0.67627 used on 8.12.2009. 
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in the emerging ones, the growth and improvement in living conditions happen in 
sustainable way. According to him, the emerging markets are countries which 
have earlier been less developed or semi-industrialized but have recently 
reinforced their economies, started to have trade partners as well as foreign 
investments.  
 
WTO has not given official definition to the developed or developing country but 
leaves this under consideration for countries themselves. There are some provi-
sions which can be utilized by the developing countries, for example longer transi-
tion periods regarding certain agreements. (WTO, 2009). 
 
Poverty alleviation and empowerment are presented as cornerstones of 
development. With the empowerment, CSI Handbook (2008) refers to living a 
healthy and peaceful life, while having the self-esteem and self-reliance too. In 
addition, the ability to contribute meaningfully to social and economic processes is 
seen as a characteristic of empowerment. Empowerment is one aspect in 
community upliftment among the welfare and aids prevention. 
 
The sustainability is closely related to the local economic development. The 
Ministry of Foreign Affairs of Finland (2007) defines the dimensions of 
sustainability in a following way. In order to enable the stable economic 
development which decreases poverty and utilizes natural resources in sustainable 
way, the stable social conditions are required. This means peace and security, 
democratic and well-functioning governance, respect of human rights, social and 
educational development and actions against corruption.  
3.2 Local development theories 
 
Blakely and Bradshaw (2002) have summed the regional and local economic de-
velopment theories as presented below. Even though this definition is done on US 
basis, it can be assumed that many of these factors are needed in order to generate 
the development in rural areas in developing countries.  
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Local and regional development = capacity x resources 
 
In this model, the following items are understood as capacities: 
• Economical 
• Social 
• Technological and 
• Political factors.  
 
The education (both basic and professional) and the stable conditions in a country 
can also be defined as capacity factors. All of these capacity factors are discussed 
further in some level in the later phases of this study. 
 
The other factor in the formula is resources. The authors include into this part for 
example the  
• Capital 
• Labor 
• Natural resources and land 
• Technology 
• Entrepreneurial climate  
• National and regional government spending 
• Communication 
• International economic situation 
 
There are some resources listed by Bradshaw and Blakely (2002) which are not 
covered in this work. For example, industrial composition and export market are 
not reasonable to be discussed in the context of rural areas without access to elec-
tricity but would be valid when the area is economically more developed. The 
location and size of the rural village or area are also excluded from further discus-
sion in this study. Transport, as an essential resource of course, is not covered in 
this study. In addition, the communication is obviously an important resource for 
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development. In this work, the benefits of mobile communications for rural people 
are handled whenever relevant. 
 
The authors continue by definition that 
• When capacity value equals 1, the resources of community are not either 
increased nor decreased 
• When capacity value is more than 1, the capacity is strong and increases 
resources. The authors go forward and define that strong organizations 
which are able to form effective partnerships to meet the needs of local 
economy are really able to multiply resources  
• When capacity is less than 1, the capacity of community is weak due to 
cronyism, corruption, self-interest, disorganization, ineptitude and results 
the decreased resources. Thus the development is hampered much because 
low-functioning social, political and organizational leadership. 
 
The definition above gives weight to the capacities in local economic develop-
ment. Anyway, the authors claim that the economic development theories are usu-
ally concentrated on resources and neglected the capacity part. They continue that 
the resources do not add to community capacity and the development programs 
concentrating only to resources often fail. Thus these two factors shall be consid-
ered together in theories of local economic development. 
 
Blakely and Bradshaw (2002) see also that strong capacities make up for the lim-
ited resource in local economic development, even though this means a great deal 
of work for community. The writers claim that the utilization of natural resources 
often leads to the low-paid jobs (like in agriculture, forestry, and mining) and 
strong economy needs also other types of resources like infrastructure, new tech-
nologies and government spending. On the other hand, this study concentrates on 
the local economy in rural areas in developing countries. The income which is 
possible to be obtained from efficient agriculture is a potential step for increased 
welfare in this particular context. Anyway, more the local area has the access to 
several resources, more opportunities they will have for economic development. 
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If and when the resources are under-utilized, the local capacity has an important 
role. The writers say that “more varied types of capacity a local community has, 
the greater its ability to turn resources into development opportunities”. 
 
Secondly, Bingham and Mier (1993) present a theory of two schools. The 
schools defined are “Development-from-above” and “Development-from-below” 
schools. 
 
The development-from-above school wants to reach functional integration where 
the leading regions expand into underdeveloped regions. Also the accessibility to 
the resources of lagging region is an issue in this school’s angle. Development-
from-below school has different point of view. It aims to build regional autonomy 
by integrating the whole scale of aspects of life within a region specific of its re-
sources, landscape, culture and climate. 
 
The schools share the basic approaches and economic base related to regional de-
velopment. What they think differently is the level of preferred integration be-
tween developed and underdeveloped regions and the capacity of certain region to 
tailor policies and resources so that they fit well in order to achieve social, eco-
nomic and political institution is that particular region. Interestingly, Bingham and 
Mier define capacity as one important factor in regional (local) development as 
Blakely and Bradshaw have done too.  
 
The third development theory referred in this study is Solow’s growth model (So-
low, 1956) which explains the long term economic growth. In the model, the sup-
ply side is defined as (Solow, 1956): 
),( LKFY = , where 
- Y presents the production function, 
- K is amount of capital stock in economy and 
- L is labor force 
 
Capital and labor (as the population is expected to grow continuously) are exoge-
nous factors in producing the output. (Uwasu, 2006). 
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On the demand side, the following formula exists (Uwasu, 2006): 
ICY d += , where 
- Yd is the demand of output 
- C stands for consumption and 
- I means investment 
 
The technological progress impacts to the effectiveness of labor. Thus the model 
will look like the following (Uwasu, 2006): 
),( ELKFY =  is an aggregated production function, in which 
- Y means the output 
- K is capital stock 
- L stands for labor and  
- E 6means the efficiency of the labor.  
 
Uwasu (2006) calls E as labor-augmenting technology. It can mean technology, 
knowledge, experience or skills, for example. E can increase the level of output at 
the same way than if the amount of labor would have been increased. The main 
finding of the Solow’s model is that the technological progress provides the ex-
planation for the sustained economic growth when considering also the incomes 
and living standards of the individual (Uwasu, 2006).  
 
Endogenous factors impacting the growth are for example 
• Human capital (education) 
• Skills 
• Cognitive abilities (intelligence, knowledge) 
• Entrepreneurship (e.g. externalities and networked economy) 
• Innovation 
• Institutions that facilitate economic growth (health, law and order, security, 
care of infrastructure) 
                                                
6
 
Often, the letter A is used in the formula on behalf of the E.
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The often referred main findings of Solow’s growth model are the following: 
• The technological progress increases production by its entire amount.  
• New capital is more valuable than old (capital is based on technology 
which is continuously improving) 
• Introduction of endogenous factors makes the model more suitable for ru-
ral economy 
 
In this work, Solow model is referred to explain the growth determinants regard-
ing rural villages. The business model prepared for the electrification of the vil-
lages has several parties which bring both exogenous and endogenous factors of 
growth. When these parties interact efficiently, the steady local economic growth 
in the villages is expected to begin. 
 
After the theories, some capacities and resources are presented next. The factors 
have been chosen mainly based on Blakely and Bradshaw’s (2002) sum up of the 
regional and local economic development theories. On the other hand, for example 
gender related issues (chapter 3.13) are included as they have importance in de-
veloping world context and livelihood related issues in rural areas. 
3.3 Capital 
 
Capital is defined as something which is owned and which provides the current 
services. Capital consists of durable investment goods which normally are ex-
pressed in units of money. (About.com: economics, 2009). In other words, capital 
is land, physical structures and equipments. The BusinessDictionary (2009) says 
also that from the economics angle, capital is the only 'produced' factor of 
production while land and labor are 'exploited' ones”. 
 
Neoclassical economic theory defines that all economic systems will get to the 
state of equilibrium if capital can flow freely. According to this, all areas can 
compete in same, deregulated markets. The low income areas provide first the 
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higher return or investment before the equilibrium in economy is reached. In order 
to ease the local economical development in developing countries, the Interna-
tional Monetary Fund (IMF) has asked the national level governments to reduce 
the controls of assets as well as markets and currency controls too. (Blakely and 
Bradshaw, 2002). 
 
The lack of capital is often described as a bottle neck for small business develop-
ment and for the local economic development. Generally, the investments are 
needed in order to purchase for example production machines and equipments. In 
addition, the renewable energy solution deployment requires initial capital invest-
ments even though the energy resource itself (for example sunlight or wind) is free 
of charge. The cost of renewable energy technologies remains still high, but has 
fallen already and continues to drop (IEA, 2009). 
 
The energy solutions based on the renewable energy resources presented in chap-
ter 2 have different requirements regarding the capital in investment phase. Solar 
and wind solutions can be said to be more capital intensive. Between these, solar 
requires more capital investment made than wind. Regarding the Jatropha, if used 
as a pure vegetable oil, the investments are not that big than if processed for bio 
diesel. Simple biogas system requires just as small amount of capital as the pico 
hydro system too. 
 
The question regarding the sufficient level of capital and access to it seems to be 
critical and needs to be solved in renewable energy and development related pro-
jects. Also, if the capital (like solar panel) is owned by for example the local co-
operative, it will most likely be taken good care of. This is because the equipment 
is essential for the electricity production and thus the income of many families is 
dependent on it. For example the guarding and protecting the equipments from 
violence and theft will put more emphasis on.   
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3.4 Technology 
 
The use of technology has increased fast globally. It has increased quickest in the 
countries with lowest income and relatively quick in developing countries overall. 
Anyway, the initial level of technology usage has been low in the low-income 
countries and they currently use just a 25% of the level of technology which is in 
use in developed countries. The technological progress has had a role in the pov-
erty reduction in developing countries from 29 % in 1990 to 18 % in 2004. (GEP, 
2008). 
 
The technological progress has lowered the costs, improved quality, created new 
products and helped to reach new markets. The improvements in living conditions 
have been generated by using quite simple skills. On the other hand, the low tech-
nical literacy, the uneven spread of older technologies such as electricity and tele-
phones, and low penetration of technologies in rural areas hinder the capacity de-
velopment and usage of technology. Also the weakness of institutions, capacity of 
domestic economy, the lack of capacity to provide the infrastructure and weak 
internal diffusion impact to the spread of technology. These issues might hinder 
the access to even simple technologies (like solar panels) which are presented in 
the Appendix 2 by Silberglitt et al. (2006). (GEP, 2008). 
 
The utilization of some new technologies has increased very rapidly. For example 
the ownership of mobile phone is common in poor rural areas even without an 
affordability to make calls with it (Osei-Bonsu, 2009). In addition, the internet 
bandwidth usage and the number of broadband subscribers have more than dou-
bled from 1999 to 2004 in developing countries. On the other hand, most of low-
income countries have 15 or less PCs (personal computers) per 1000 people, and 
some have less than five PCs.  
 
Melkers, Bugler and Bozeman (1993, page 233) define technology transfer as “the 
transfer of technology, technique or knowledge that has been developed in one 
organization to another, where it is adopted and used”. Generally it can be said 
that in developing countries the progress comes mostly from increasing the usage 
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of technologies existing already, not from the new technological inventions (GEP, 
2008). The technologies which are still under development and not proven yet 
should not brought into rural villages; the low performance might be disappoint-
ment to the local people and the new technology launches in future might be 
harmed. Simple, proven technologies and machines with the access to spare parts 
should be provided instead. (Mustonen, 2009; Luukkanen (2009). Based on these 
views, it might be justifiable to say that transferring the older, reliable technology 
will impact more than adopting the latest ones. 
 
There are several factors which has helped many developing countries to increase 
their utilization of foreign technologies. The dismantling of trade barriers and thus 
easing the technology flow to countries via foreign trade as well as alleviating the 
restrictions on foreign direct investments (FDI) are these types of issues. In addi-
tion, the migrants living abroad have a significant importance regarding the tech-
nology diffusion. The money provided by them, the network and contacts they 
have created and their know-how increases the possibilities to utilize technology 
in their home countries. (GEP, 2008). 
 
As already slightly referred to and available in the Appendix 2, Silberglitt et al. 
(2006) have listed important emerging technologies expected to be commercially 
available by 2020. They define that the high-income countries can exploit these 
technologies within this given time frame. In addition, many developing countries 
are able to use some simple ones of these technologies. For example cheap solar 
energy and wireless communication are these kinds of applications to be commer-
cially available for the most of the developing world. But many countries cannot 
exploit any of these technologies because they lack the needed infrastructure, 
technical literacy and technological capacity. (GEP, 2008). 
 
One solution for off-grid power production is a multifunctional platform. Run by a 
diesel generator, it is a source of mechanical and electrical energy. The generator 
is mounted on a chassis to which several applications requiring energy can be 
plugged in. For example grinding mill, battery charger, electric water pump, vege-
table or nut oil press, welding machines, carpentry tool or and mini electricity grid 
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for lighting can be added as application. The multifunctional platform project in 
Mali has had much wider scope than just energy production technology, including 
strong involvement of women by focusing on the applications needed by them and 
also from the ownership angle. In Mali, Jatropha oil has been piloted as a fuel for 
the diesel engine. (Brew-Hammond and Crole-Rees, 2004). 
3.5 Labor 
 
The inhabitants of rural areas in developing countries can be defined according to 
their access to agricultural land. In the first group are the cultivators who have the 
access to land. They are either small landowners or tenants producing crops and 
managing livestock. In addition, they often work for others by conducting farming 
related or some other jobs. Some members of these families work in towns for 
shorter or longer periods. In overall, they are facing the problems related to market 
forces, changes in landholdings and rents. (Khan, 2001). 
 
Khan continues that into another group, called as noncultivators, the landless and 
workers with low skills are defined. The numbers of these inhabitants is increasing 
for example because of the increasing population. The noncultivators act as sea-
sonal workers in agriculture as well as in informal jobs. They suffer from the 
changes in labor demand, wage rates and prices of the food. The public services 
are difficult for them to access, for example the food rationing. Khan also refers to 
the low social status of rural women. (Khan, 2001). 
 
Millions of agricultural workers earn below the poverty line and less than the in-
dustrial workers. In general, the households of agricultural worker use more than 
70 percent of their cash income on food. (ILO, 2005). In the Jatropha cultivation, 
the time is required for collecting the fruits and shelling them and in next phase 
storing and pressing the seeds. This work is usually done by women and children 
and might have a significant impact to other activities they should do (like study-
ing and conducting the house hold work). The conflict may arise also between the 
genders. When the monetary importance of Jatropha seeds is increasing, men 
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might resist the benefit women could gain from producing soap for sale (GTZ, no 
date).  
 
As mentioned before, solar, wind and hydro need only quite limited amount of 
labor in use phase which are mainly persons with maintenance skills and knowl-
edge. The bio energy is more labor-intensive; biomass gathering and cultivating 
the biomass for combustion or gasification as well as producing pure vegetable oil 
require labor.  
3.6 Education 
 
Education is a fundamental issue when developing and maintaining a prosperous 
nation. It has an impact in reducing poverty and boost socio-economic develop-
ment. (CSI Handbook, 2008). It is important to ensure that the rural areas have the 
good quality education available. The human capital and skills acquirement are 
keys to successful livelihood development (Ellis, 1999).  
 
In past 15 years, the literacy rates have progressed significantly. The literacy rate 
among children in low-income countries has increased from under 50% in 1990 to 
approximately 62%. Among youths, the figure is 74 %. Anyway, there are prob-
lems with students to pass standardized tests of literacy and numeracy. Even 
though the high enrollment rates in both low- and middle-income countries might 
exists, the problem with education quality exists. (GEP, 2008). 
 
Education is seen especially important for the girls and to some extent to adult 
females too. The education leads to better self-reliance and capabilities to manage 
own or family business. The education and knowledge also impact family plan-
ning and use of contraceptive in significant level. As it will be discussed in the 
chapter 3.12, the safe and reliable lighting supports considerably the studying pos-
sibilities. The improvement of education possibilities is usually highlighted in 
initial justification for the rural electrification projects. 
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As it is often difficult to provide even the basic education for the people in rural 
areas, the challenge with the professional education naturally exists too. One 
strength the CSI Handbook (2008) lists for Asia is the educational approach which 
starts from early childhood and includes mathematics and science. 
 
The production of biodiesel from plant oil involves the handling of hazardous 
chemicals which requires sound technical know-how and a supply infrastructure 
of the chemicals. Small-scale production of biodiesel is therefore difficult in areas 
with little qualified workforce and limited availability of supplies. Scaling-up bio-
diesel production to community farming or agro-industrial levels involves organ-
izational challenges and higher investment costs. (DESA, 2007) 
 
Also the maintenance of energy production systems is a somehow problematic in 
developing countries. Even though for example the solar panel system is relatively 
independent and does not require much maintenance, the unexpected fault might 
be critical for the constant power production. In rural areas, it is often difficult to 
find someone with required skills to conduct more technical maintenance 
operations for example for solar panel. There are then two issues to be considered; 
shall the certain education be provided to some of the villagers in order for them 
to do typical maintenance work or should too complex renewable energy 
technology be avoided in rural locations. The reliability of the solutions is anyway 
required by the customers who buys electricity (like telecommunication operator) 
but will also be a benefit for electricity service provider with the long mean time 
between failures (MTBF) -figures.   
3.7 Land and natural resources 
 
The demand of energy and raw materials has increased due to globalization and 
thus effects to the lives of low-income people in developing countries. 
Simultaneously, the exploitation of non-renewable natural resources, jeopardize of 
natural diversity and impact to climate change have a negative impact to overall 
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sustainable development and create conflicts. (Ministry of Foreign Affairs of 
Finland, 2007). 
 
Africa is characterized by different farming systems. For example private land-
holding, renting private land, communal public lands under customary tenure, and 
state-held land where the state keeps the legal ownership and either leases or pro-
vides permanent tenures are the systems in use. The state’s administration is usu-
ally bureaucratic and has a significant role in land administration. The local, tradi-
tional leaders are provided limited responsibilities regarding the land management 
and people. In many areas, the usufruct rights to the land are in common use. The 
lands which have had an important role in providing the subsistence are currently 
increasingly impacted by liberalization of market and democratization policies. 
Thus the old customs are changed and new practices are implemented. (Adams et 
al., 1999). The most usual case of rural areas in Nepal is such that the land is 
owned by wealthy people who are not farmer by profession. Therefore, most of the 
lands remain uncultivated or they exploit the labor of poor people by offering 
them very little return to them. (Poudyal, 2009). 
 
According to GTZ (no date), the land ownership issue might create conflicts in 
Africa. The usage of a land by an individual is decided by village authorities. It is 
usual that the legislation does not offer a right for an individual to own land. Trees 
are sometimes planted on arable land anyway to show the right for use that is then 
formally documented and thus accepted. As Jatropha is usually cultivated as 
hedges, the ownership might not be clear. (Brew-Hammond and Crole-Rees 
2004). In addition and having much attention, the serious conflicts may appear 
when there is a need to cultivate the feedstock for liquid bio fuel and food in same 
land area. The ensuring that bio fuel production does not harm food production is 
very essential issue to be analyzed in bio fuel projects.  
 
One quite recent phenomena impacting the food production is either buying or 
renting of the arable land from Africa by other countries. This is done for example 
because of the increased demand of bio fuels and climate change. Sudan, for in-
stance, has rented over one million hectares of agricultural land to the countries 
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around the Persian Gulf, Egypt and South-Korea. Simultaneously, millions of 
people need aid with supplying the food. These arrangements bring investment to 
poor countries as in exchange, for example some modern infrastructure is build by 
the foreign country. (Nykänen, 2009). Africa’s huge natural resources in overall 
are strength of the continent. Anyway, in many countries the development has not 
taken place even though the natural resources exists (Korhonen, 2009). Thus some 
other factors seem to be essential for economic development to start.  
 
There might be a local leader in a rural village that has a respect of the people of 
the village and allocates the land into use for villagers. As Bhebhe (2009) states, 
in South–Africa the land belongs to the rural people and they are interested to 
know how the business propositions takes the considerations of local people into 
account. Thus, when it is a question about the land leasing for example for the 
telecommunication site purposes, the smooth cooperation with local leader is sig-
nificant in order to build a successful project. 
3.8 Entrepreneurship 
 
In developing countries, the entrepreneurship is often based on necessity to earn a 
living or very often just survive (CSI Handbook, 2008). Wiewel, Teitz and Giloth 
(1993) say that the skills and the life experience most of the people have can be 
used for business purposes. They continue that even though many of the small 
business fail, the positive side is the self-reliance and learning. An example of an 
entrepreneur is a Pakistani who allows other men of the village to watch his tele-
vision set at the approximately cost of 8 cents (€)7 (Helmersen, 2009). In general, 
people living in rural villages are well adapted and intelligent in they own envi-
ronment (Mustonen, 2009). 
 
Entrepreneurship should and can be supported in many ways. According to CSI 
Handbook (2008), the skills development of individuals to become as entrepre-
                                                
7
 ten rupees 
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neurs is an important measure of support. To continue, the financial and non-
financial support for existing small, medium and micro-enterprises (SMME) as 
well as encouragement in outsourcing, procurement and sub-contracting are im-
portant actions. Providing the infrastructure and equipment and easing the access 
to facilities are among the significant assistance the entrepreneur can have in order 
to start and run their own business. (CSI Handbook, 2008).  
 
Entrepreneurial activity is more common in South-East Asia than in Africa (Lahti, 
2009; Osei-Bonsu, 2009). According to the interviews, it could be claimed that the 
entrepreneurship is easier in Asia than Africa because of the mindset of the peo-
ple. The majority of one-person micro business which is typical for second econ-
omy jobs are unlikely to grow and create sustainable jobs (CSI Handbook, 2008). 
On the other hand, the cooperatives seem to be a good solution in Africa; in them, 
the villagers have possibilities to improve their income level with their own work 
but with smaller personal input. The cooperatives suit well for the rural context 
and have much impact to community.   
 
In order to go beyond the survival centered entrepreneurship, there should be one 
or more entrepreneurially minded persons in a rural village. As being visionary 
and willingness to invest time and money, they are able to impact their own liveli-
hood and others as well. The successful ideas can be copied in other villages too. 
The advantages to the local community need to be highlighted especially in cases 
with a foreign company involved. As the first adopters, local entrepreneurs have 
an important role in this community involvement. (Helmersen, 2009). 
 
As an example of entrepreneurship in energy field in Finland, approximately 300-
500 farmers provide bio energy for heating the local school or centre of the vil-
lage. They work as entrepreneurs outside of the busiest seasons in agricultural 
work, get bio energy from forests (logging waste) and use their machines. (Hieta-
niemi, 2009).  
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3.9 Politics and governmental steering 
 
Economies usually rely on governments to provide infrastructure services such as 
electricity, road network, railways, and fixed telephone lines. Due to the high costs 
and big indebtedness, the degree of those investments has decreased in many de-
veloping countries. (GEP, 2008).  
 
The government effectiveness and regulatory quality in developing countries are 
often measured to be at half of OECD levels. For example the corruptions, rule of 
law and voice as well as accountability are the indicators having low scores. They 
also have more regulations than OECD countries and this might weaken the im-
plementation of new technologies. (GEP, 2008).  
 
In order to take a look to domestic government system, the following figure pre-
sents the difference between multi-party system, one-party system and military 
oligarchies.  
 
Figure 11. Real GDP per capita in Sub-Saharan Africa. (Ndulu and O’Connell, 
1999).  
 
It can be seen that the democratic system creates more rapid GDP growth than the 
other systems. Thus, in the context of infrastructural projects, these countries can 
be considered as interesting regarding the investing environment. 
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According to Rose (1997), the corruption has economic, political and social costs 
and it is also unjustifiable if state does not act according to its laws. It can be prac-
tically found wherever the governmental services are delivered. The corruption 
impacts much the poor households who need many services but have lack of 
money.  Rose continues that in some countries, the political process offers spon-
sorship to individuals or community if they support a particular politician or his 
party. Sometimes the governments offer financing just before the elections in or-
der to impact the voters (Eerola, 2009). 
 
The international or domestic conflicts impact extensively the development and 
utilization of achievable technologies in a country. During the past 15 years, the 
number of countries involved in these kinds of conflicts has decreased. According 
to GEP (2008), the biggest decline in the number of countries in conflict has taken 
place in sub-Saharan Africa. In these countries, the investment environment is 
better than in the countries with conflicts. 
 
The impact of the economic development and internet accessibility to the 
migration inside the country seems not to be an unambiguous issue. When the 
possibilities for increased incomes, the services and education in a rural village are 
improved, it would be easy to suppose the migration to the cities to decrease. 
Anyway, the prospects for the better future and access to information through 
internet might have a contrary affect and the migration could continue and even 
accelerate. Luukkanen (2009) supposes that the economic development in rural 
areas might just decelerate the migration to cities, not to stop it whereas 
Helmersen (2009) sees, based on the experiences in Pakistan, that both situations 
are possible and needs to be monitored. The development happens in the cities, 
also in Uganda as well in other developing countries (Korpia, 2009). 
 
It is suggested in CSI Handbook (2008) that it is important for companies to work 
closely with local government and implement the initiatives which are in line with 
the local strategies. As general, is also stated that the contribution from the private 
sector, NGOs and local community is needed in addition with the government 
input in order to meet the socio-economic challenges in place. (CSI Handbook, 
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2008). Blair and Premus in Bingham and Mier (1993) define that the foreign in-
vestors are interest whether the government is stable and the political climate is 
friendly with the planned investments. In the countries with government led rural 
development strategies, the electrification projects could be more successful 
(Hietaniemi, 2009). It seems that the energy management in rural areas, which is 
usually understood as a task of a government, could be strongly contributed by 
private and non-profit organizations. 
 
Anyway, the existing rural development policies, which follow international 
guidelines regarding for example education, women rights and human rights, are 
not always implemented. Implementation might be very slow or might stop for 
example because of the changed positions of the officials. The government in a 
local level has relatively much power in use even to bypass the policies from up-
per levels. The local, long-lasting presence of a foreign company is important in 
order to get the projects started. (Mustonen, 2009). 
 
The long-term planning and patience seems to be important for companies and 
organizations to have when they are driving or involving projects in developing 
countries. It is essential to be well acquainted to the local political system and the 
policies of the government in order to take the right steps at right time. Also, the 
deceleration of the progress of the project is something to be taken into account. 
3.10 Economic freedom  
 
Economic freedom is one of the basic human rights. Accordingly, human is free to 
control his or her individual labor and property. Thus, individual can work, pro-
duce, consume and invest freely as he or she wants. The government’s role is then 
to protect and unconstraint this right. (Heritage Foundation, 2009). 
 
The Heritage Foundation has created The Index of Economic Freedom to follow-
up the status regarding economic freedom in each country. The Index compounds 
of ten components which are the following: 
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- Business freedom 
- Trade freedom 
- Fiscal freedom 
- Government size 
- Monetary freedom 
- Investment freedom 
- Financial freedom 
- Property rights 
- Freedom from corruption 
- Labor freedom 
 
According to the index results, seven countries are ranked as "free", 23 are 
"mostly free", 103 are either "moderately free" or "mostly unfree" and 24 are "re-
pressed”. The map below presents the status of each country regarding the free-
dom score. It can be seen that according to this index, the many countries in Africa 
and Asia are ranked to the moderately free-class and most are mostly unfree, re-
pressed and in not ranked-class.  
 
 
Figure 12: The Economic Freedom map (The Heritage Foundation, 2009) 
 
Holmes (2008) sees that “economic freedom is a precondition for the development 
of prosperity in the long run”. Countries having high scores in economic freedom 
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are often at least relatively free politically and socially too. Holmes refers to the 
women’s activity in Africa; they are increasingly involved and actors in the areas 
of entrepreneurship and political leadership. In more general, they are using the 
improved economic freedom in order to protect women’s rights and contribute to 
development of democracy and legal protection. In addition, Holmes defines the 
government’s role in allowing the free move of labor, capital and goods as well as 
in maintaining the liberty. (Holmes, 2008). 
 
Some examples of the country specific figures are presented below. The average 
overall score of EU-158 countries is included into both tables. 
 
Table 2. 2009 Index of Economic Freedom. Examples of overall scores and rank-
ing of certain countries in Africa and Asia. (EU-15 average included). 
African  
countries 
Overall  
Score 
Ranking APAC 
countries 
Overall  
score 
Ranking 
EU-15 71.5 31. EU-15 71.5 31. 
South  
Africa 
63.8 61. Malaysia 64.6 58. 
Kenya 58.7 90. Pakistan 57.0 102. 
Tanzania 58.3 93. India 54.4 123. 
Nigeria 55.1 117. Vietnam 51.0 145. 
Angola 47.0 162. 
 
Bangladesh 47.5 160. 
 
It is interesting to see that for example Kenya has same distance in scores to the 
average figure of EU-15 countries and Angola which has the lowest score among 
these countries. Pakistan seems to meet the same phenomena among the Asian 
countries. Thus it can be stated that within the group of developing countries, the 
economic freedom and factors assessing the index value differ even quite a lot.   
                                                
8
 EU-15 consists of Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, 
Luxembourg, Netherlands, Portugal, Spain, Sweden, and United Kingdom. 
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3.11  Social capital and networks 
 
The informal social networks together with the formal organizations are constitut-
ing the social capital. In order to meet the everyday needs, individuals have to co-
operate within their own household as well as with others outside the household. 
This is especially important in sub-Saharan Africa where the definition of family 
needs to be extended because the economic activity is rather remote and basic 
necessities need to be got. The informal social networks can contribute in coopera-
tion involvement, welfare promotion if public services are not available, or even 
question the public sector services. The outputs produced with the contribution of 
social capital are not visible in official statistics as they are not usually calculated 
monetarily. (Rose, 1997). CSI Handbook (2008) states the strong work related, 
family and societal ethic are among the advantages creating economic growth in 
Asia. 
 
The social network has several levels. From the individual, the next level is a fam-
ily. After that come relatives and then a tribe. At some point, the nation level is 
reached. The cultures in developing countries are often family-centered and the 
definition of a family consist often also some relatives. The traditions also move 
to next generations in a social network. Thus it can be called as a learning factor 
also. The traditions might also differentiate communities and networks from each 
other. 
 
The strong and persistent communities are important for the successful economic 
and social development. The social networks are valuable resource as they 
strengthen the ties between its members; provide sense of belonging and 
intangible gains. Thus, also the resources of individuals are better utilized. (CSI 
Handbook, 2008). On the other hand, it might be difficult for a member of the 
family or tribe to make an own decisions different from the common opinion 
because of the close tights. 
 
For a household, the social capital can be a resource if for example money can be 
loaned based on the individual relationships and gained trust. In addition, the in-
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creased safety in community is one advantage of social capital, as well as the de-
creased numbers of crimes made. (Rose, 1997). It could be stated that in a village 
with a large commitment in a community to electricity production, the vandalism 
focusing towards and thefts of the electrification equipments can be hindered. In 
case of the long-term electricity production by for example a cooperative, com-
mon objects and trust would be very significant in order to reach the set targets.     
 
An ongoing research project, conducted by Japan External Trade Organization, 
studies the analytical approach in social network analysis of rural communities. 
Conventionally, the rural communities are perceived as organizations. This ap-
proach works when only one economic activity is concentrated to (like agricul-
ture). The researchers’ state that the multifunctional roles of communities need to 
be taken into account and rural community could be understood as a “dense net-
work of human resources”. (Ide-Jetro, 2009). 
 
The importance of mobile phones in Africa is especially big because of the social 
character of the people. The family members might be separated when moved to 
urban areas or foreign countries. Connecting the relatives and friends is much eas-
ier when the modern telecommunication services are available. 
 
The next sub-chapters (3.12, 3.13 and 3.14) describe the current ways of the 
electricity usage and livelihood in rural environment.  
3.12  The electricity production and usage patterns 
 
Without being able to utilize the grid electricity, villagers have arranged the 
energy supply in many other ways. The common applications have been for 
example the kerosene, firewood and car batteries. The telecommunication industry 
has used diesel to run the radio base stations.  
 
Kerosene has been used in lamps for lighting and firewood has been an energy 
source for cooking. Car batteries have provided electricity for electric devices 
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(like charging the mobile phones and for entertainment). Although these sources 
have been essential for providing even some electricity for a village, they have 
some drawbacks too. Kerosene, for example, needs to be purchased and 
transported to villages from cities. The continuous operational expenses might be 
difficult to be taken care of by the people living in poverty (Korhonen, 2009). The 
air pollution from burning the kerosene in interiors creates a health risk for 
residents. The respirable particles may effect eye, nose, and throat irritation, 
respiratory infections and bronchitis as well as lung cancers (U.S Environmental 
Protection Agency, 2009). In addition, the hazard of fire also exists when kerosene 
lamps are used (West, 2009). On the other hand, the capital expense of the lamps 
is relatively low. 
 
The firewood collection is laborious and requires time especially from women and 
children. The health risk of the firewood in interiors realizes as the air pollution 
kills more people than malaria in developing countries (Eerola, 2009). The health 
effect are same than with the kerosene (US EPA, 2009). The advantage of 
firewood is that the availability of it is usually good nearby the rural villages. 
Eventually, the wood needs to be collected from further off.  
 
The car batteries are commonly used for powering TV and lighting in developing 
countries. The purchasing cost of a 100 Ah battery can be approximately 70 €9 and 
battery lasts from one to two years. The charging of the battery from a grid costs 
approximately 33 – 67 cents (€) and has to be done e.g. every other week. The 
transportation expenses shall also be taken into account. Thus the recurrent costs 
of the battery charging are relatively high. The health risk occurs if the casing of 
the battery cracks and the acid leaks. (Solar Entrepreneur, 2004). Also the lack of 
proper handling of the obsolete car batteries might be a problem. 
 
The electricity source for radio base station in off-grid sites is commonly diesel. 
The advantages in the usage of diesel are the low capital expenses of the generator 
and predictability in electricity production. On the other hand, the disadvantages 
                                                
9
 100$ defined in reference. Exchange rate 0.66823 on 17.11.2009. 
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of diesel are the operating expenses consisting of the diesel purchasing and 
transporting it to the village. The life expectancy of diesel engine is typically 
between 2-4 years (Wipper, 2009). In addition, the carbon dioxide emissions from 
diesel usage are currently under the spotlight as the fossil based fuels impact the 
climate change. Diesel being as a valuable commercial product in thieves’ sights 
is also one disadvantage of it. 
 
The accessibility to electricity is much based on the availability and affordability 
of it. The locations having already some development are usually electrified first; 
also the families with more welfare usually have the access before poor families as 
they can afford it better (Mustonen, 2009).  
 
In the graphs below, some examples of average electricity consumption in certain 
African and Asian countries as well as EU-1510 countries are presented. Even 
though these are the figures presenting the consumption, some rough understand-
ing about the accessibility to electricity can be drawn up too.  
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Figure 13. Electricity consumption in some Asian countries. EU-15 average fig-
ures are weighted (own calculation). Statistics Finland, 2009. 
 
                                                
10
 EU-15 consists of Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, 
Luxembourg, Netherlands, Portugal, Spain, Sweden, and United Kingdom. 
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Figure 14. Electricity consumption in some African countries. EU-15 average fig-
ures are weighted (own calculation). Statistics Finland, 2009.  
 
It shall be noted that in addition with the domestic consumption, the figures in-
clude the electricity consumption of industry. This explains the high figure of the 
consumption in EU-15 countries to some extent. Furthermore, the figures are the 
averages. The easier access to electricity in big cities impacts the figure and hides 
the fact that rural, off-grid areas suffer of the lack of electricity.  
 
As the inhabitants of rural areas have often an inadequate amount of electricity in 
use, they prioritize the usage for only certain applications. It shall be noted that 
there are significant national, local, economical and cultural differences in the 
prioritization. Based on findings from the literature (Brew-Hammond and Crole-
Rees, 2004) and interviews, the following is a rough order for what the electricity 
is used for. 
• Lighting 
• Mobile charging 
• Television, radio 
• Entertainment (CD-players etc) 
• Refrigeration 
• Electric devices used in agriculture 
• Cooking 
• Water pumping. 
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The lighting is commonly seen as a first purpose the electricity. Lighting provides 
the possibility for children to study and for women to do for example handicrafts 
at dark time. Lighting also improves the security of the surroundings of the houses 
and villages.  
 
The mobile phone charging comes soon after lighting in the order of electricity 
utilization. According to their study regarding the consumer spend to communica-
tions in South Africa, Pöllänen and Eloranta (2009) define that the mobile tele-
communication investment might be profitable in rural areas even though the per-
sonal incomes are very small. As the interviewees defined mobile charging for one 
of the most important purposes the electricity is used for, it can be assumed that 
the inhabitants are very willing to use mobile services when those are available.  
 
The car batteries are currently utilized to provide electricity to mobile phones. 
Also the entertainment devices (like CD-players) come early into figure.  
 
Television and radio are as well high in the hierarchy of needs. Television has 
even been a major driving force for rural household to buy their own electricity 
system in Africa (Solar Entrepreneur, 2004). Often there might be one television 
in a village and the men are gathering together to watch it at the evenings. In some 
cases, they pay a fee to the owner of the television. 
 
When there is some more electricity possible to be used, the refrigeration is pro-
vided too. In municipal health care, the vaccines are stored by utilizing the refrig-
eration. In addition, the electric devices used for grinding maize, barley and rice 
and cutting grass and wood are also seen as important applications to use electric-
ity for. (Bhebhe, 2009; Paatero, 2009). 
 
Many interviewees noted that the relatively expensive and limited amount of elec-
tricity is not used for cooking but for other purposes. Cooking activities in devel-
oping countries are often based on collected wood, biomass and dung (for exam-
ple in sub-Saharan Africa). On the other hand, cooking is something which might 
be preferred to be done in traditional way. For example woodstove gives to the 
 54 
 
food a certain flavor (Mustonen, 2009). Sometimes people are also scared to com-
bine the usage of electricity and water and thus refuse to utilize electricity in cook-
ing (Korkeakoski, 2009).  
 
In the Table 3 below, some key information is presented related to electricity 
demand for the local purposes. The idea of this table is to present examples of 
figures if there would be more electricity available in a village. 
 
Table 3. What is the electricity good for if there is 1 kW, 10 kW, or 100 kW of 
power available in the rural village? Examples of figures. 
 
Power consumption  Adequacy Note 
1000W = 1kW Domestic lighting: 15 x 50W 
Mobile charging: 20 x 5W 
Television: 1 x 50W 
PC: 1 x 100W 
50W / lamp 
5W / phone 
50W / television 
10 000W = 10 kW Domestic lighting: 50 x 50W 
Mobile charging: 40 x 5W 
Television: 10 x 50W 
Lighting in schools etc. 20 x 100W 
Personal Computer: 5 x 100W 
Refrigerator: 5 x 50W 
Rice mill: 3kW 
50W / lamp 
5W / phone 
50W / television 
100 W / lamp 
100 W / PC  
50 W / refrigerator 
 
100 000W = 100 kW Domestic use: ~20 kW 
 
Common use (schools, health 
centers): ~ 20 kW 
Street lighting: ~30 kW 
Small business usage: ~ 30 kW 
(see the rows 
above) 
 
 
It came up in the interviewees that the electricity could not be provided for free for 
inhabitants in a village. This was explained with both the financing of the mainte-
nance costs as well as with the energy consumption efficiency view points. Col-
lecting the maintenance fee as part of the price of electricity is seen as feasible 
way to ensure the maintenance when needed (Hietaniemi, 2009). Inefficient use of 
electricity and overuse of the limited amount of it was seen as a risk of electricity 
being free. As the grid-electricity is usually cheaper than renewable based electric-
ity in off-grid area nearby, the price of the electricity in off-grid area is often an 
issue for resistance (Mustonen, 2009).  
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The price of the electricity could be proportional to the income level of the people 
in a village (Bhebhe, 2009). In Nepal, mostly a flat rate tariff system is used in 
rural electrification projects (Poudyal, 2009). On the other hand, for example in 
Laos the electricity is cheaper when it is consumed in small amounts and more 
expensive when the consumption rises (Luukkanen, 2009). Providing the electric-
ity to municipal actors as health care stations and schools for free or with a de-
ducted price was mentioned as one possibility to support local development. 
 
Measuring the energy is one of the basic principles of energy efficiency. Anyway, 
often people for example in rural areas in Pakistan do not trust on meters 
(Helmersen, 2009). The prepaid solutions are potential when the payment prac-
tices are considered. 
3.13 The significance of gender in energy context 
 
The energy projects in developing countries have not usually included the gender 
related consideration but they have focused on solving the energy bottlenecks. The 
limited understanding of what does the lack of energy or the access to the energy 
mean for men and women might result unsuccessful energy projects. Thus the 
gender related consideration should be part of the energy projects, especially the 
energy production and use patterns. The better economic opportunities and im-
proved access to clean, affordable fuels and energy technologies are called by the 
United Nations (UN). Modern bioenergy solutions may provide benefits to women 
because of reducing their daily duties of fuel wood collection. (UNDP, 2004). 
 
In rural villages in developing countries, the women are usually the poorest and at 
the same time they take care of many significant tasks in households. They man-
age the food security and work for the access to fuel and water. When Jatropha is 
utilized for liquid bio fuel, the seeds are harvested either from fences or from plan-
tations usually by women (DESA, 2007). Women also take care of the health re-
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lated issues in a family and look after the elderly and the young. In addition, they 
might also provide education of pre-school age children. (CSI Handbook, 2008).   
 
According to Clancy et al., (2003), the women benefit from the access to electric-
ity in many ways. By having a water pumping system, the need to carry the water 
reduces. With small mills, the grain is easy to grind and the amount of needed 
manual work decreases. As the importance of lighting in rural villages was already 
discussed in chapter 3.12, it improves the working conditions of women and en-
ables both vocational and recreational activities to be conducted. The refrigeration 
provides possibilities for diverse food production and sales. The street lighting on 
the other hand provides safety for women in dark time (UNDP, 2004). 
 
Clancy et al. (2003) also define that the women can receive the information by 
using radio, TV and mobile phone (UNDP, 2004). When lacking of the electricity, 
this is not possible. There are anyway cultural differences. For example in rural 
Pakistan, the mobile phones are mainly used and TV watched by men.  
(Helmersen, 2009). It is also an interesting question whether the access to electric-
ity might make the working time of the women longer as there is light available 
for house holding, agricultural tasks as well as for entrepreneurial business at dark 
time. It would be valuable to analyze the total time usage of the women before and 
after the intensive electrification of the village. 
3.14 Income sources and levels 
 
Even though the experiences of interviewees are from different countries, the cer-
tain sources for income came up many times. These sources for income were for 
example the 
• Agriculture 
• Remittances 
• Daily labor 
• Char coal production 
• Waste recycling 
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• Phone renting 
• Forestry 
• Fishing 
• Tourism 
• Small entrepreneurial business (handicrafts, sawmills). 
 
Generally, the agriculture is the most important basis for livelihood in developing 
countries. In most African countries, agriculture is related to well-being of up to 
70 percent of the population and about 200 million people (or 56 %) of the total 
labor force were engaged in agricultural labor in 2002 (The Encyclopedia of Earth, 
2007). The subsistence of many people in rural villages is on hand-to-mouth basis 
or base on cash crops. Ellis (1999) states that the environment which would enable 
and facilitate the income-generating activities, other than farming based do not 
really exists in most of the countries with low income. 
 
In Pakistan, the agriculture, remittances and daily labor are important sources for 
income. Char coal production has also significance in income generation. In 
Southern Pakistan, the changing weather conditions, the failing harvests as well as 
varying access to fertilizers affect agriculture (Helmersen, 2009). 
 
Rose (1997) notes that a family member living and working in distance and send-
ing cash remittance to home village is a member of a social network. He sees that 
the informal social capital connects the traditional household economy and a 
money economy.  
 
Remittances are usually sent to rural villages by adult males who work perma-
nently or short time in abroad or in cities. For example in Pakistan, one person 
from a family is often chosen to be educated and he then supports the family with 
the remittances. The person working abroad can help in recruiting the person from 
the same village. In many families in rural areas, the remittances comprise the 
whole amount of income the family has. The remittances are often sent informally, 
not through the bank accounts. (Eerola, 2009; Helmersen 2009,). 
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The daily labor is utilized for example in construction work (Poudyal, 2009; 
Helmersen, 2009). The labor shall be reachable and this is also one reason for 
people in rural areas to have a mobile phones. In India, the local government en-
sures certain amount of daily labor for males (Helmersen, 2009). 
 
Waste recycling is one source for income and gone in for especially in Asia. The 
processing and selling of waste is concentrated especially near the roads. People 
are creative and recycle different types of used goods, equipment and textiles for 
which the second (or the next one) markets exists. (Eerola, 2009). Renting a phone 
to other people for them to make a call is also profitable business for example in 
Africa where the need for communication is big and families are often living 
apart. Because the violence is one problem the power systems are facing, the secu-
rity and guarding service could be on source for income for local entrepreneur. 
 
As the agriculture in usually traditional bound, the benefits of new ideas and solu-
tions should be clearly demonstrated to farmers in order to have their interest to 
rise. The farmers in Pakistan see the predictability of incomes as highly important 
issue. (Helmersen, 2009). The sewing shops and continued processing of agricul-
tural products are examples of possible new income sources. However, he busi-
ness potential needs to be consciously activated. The electrification does not create 
business just at itself. Paatero (2009). 
 
If the electricity production equipment requires reparation, the maintenance is 
most probably conducted fast as the lack of electricity impacts straight to the in-
come generation. On the other hand, the revenue generated from small business 
and entrepreneurial activity makes it possible to pay for maintenance when 
needed. (Korkeakoski, 2009; Luukkanen, 2009). 
 
It seems that the sustainable diversification of the income generation sources has 
potential in rural areas in developing countries. Along with the electrification, the 
local community could start to develop the existing or totally new income genera-
tion activities which are functional and successful in those particular environ-
ments. 
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3.15  Summary of Local development  
 
The local economic development requires certain resources and capacities in order 
to happen. In addition, the developing countries have some specific characteristics 
which impact the development especially in rural villages. In the next table, the 
key issues from the discussion on this chapter are summarized in the contexts of 
the local development and renewable energy. Some notes are brought from chap-
ter 2 still into here.  
 
Table 4. Relevance of the local economic development factors for local develop-
ment and renewable energy implementation. 
Factor Relevance for local development Relevance for renewable 
energy 
Capital • Lack of capital as bottleneck for 
small business development 
 
• Lack of capital as bottle-
neck for solar and wind 
energy investments 
Technology • Has a great impact to develop-
ment 
• Low penetration in rural areas, 
mobile communication has 
spread already  
• Certain level of infrastructure, 
technical literacy and techno-
logical capacity required in or-
der for technologies to be util-
ized  
• Difficulties with the 
maintenance work be-
cause of the limited skills 
in local community 
• (Renewable) energy can 
enable the use of tech-
nologies for several pur-
poses  
Labor • Access to agricultural land a key 
nominator 
• Young people with high skills 
move to cities or emigrate 
• Bioenergy requires labor 
• Solar, wind and hydro do 
not require much labor 
Education •  Fundamental in poverty reduc-
tion 
•  Important for children and es-
pecially for girls 
•  Skills needed to run small busi-
ness 
•   Maintenance work of 
solar and wind energy 
systems requires specific 
skills 
Land, natural 
resource 
•  Ownership of a land not usual 
for individual 
• Local authorities decide 
 
• Possible conflicts be-
tween bioenergy aims 
and food production  
Entrepreneur-
ship 
•  Often a necessity for survival 
•  Trusted entrepreneur needed in 
order to have community in-
• Energy field provides 
work possibilities for en-
trepreneurs 
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Factor Relevance for local development Relevance for renewable 
energy 
volvement 
•  Cooperatives has potential in 
Africa  
Politics,  
governmental 
steering 
•  Corruption normal, unjustifi-
able 
•  Conflicts impact development 
negatively 
•  Internal migration to urban ar-
eas 
•  Stability of government 
• Strategies related to elec-
trification and renewable 
energy important when 
planning to start a pro-
ject in a country  
Economic 
freedom 
•   Precondition for a development 
•   Differs between the developing 
countries 
• The investment climate 
more attractive in eco-
nomically free countries 
Social capital 
and networks 
• Significant in rural context 
• Impact of tribes in social hier-
archy 
• Both tangible and intangible 
gains 
• Safety factor 
 
Energy  
production 
and usage 
• Kerosene, fire wood, car bat-
teries used for producing even 
some amount of energy 
• Lighting, mobile charging 
among the applications the 
electricity is used for 
• More electricity avail-
able = more applications 
will be used 
• Price for electricity to 
be determined 
Gender  
question 
Women’s’ role important in tak-
ing care of 
• Food security 
• Fuel security 
• Water security 
• Health issues 
• Nurture the young and old in 
family 
• Women working with 
Jatropha cultivation, 
harvesting, seed crush-
ing 
• Electricity eases grind-
ing and water supply  
• Lighting as a safety fac-
tor 
• Possibility to run  small 
business   
Income 
sources 
•  Agriculture as main source 
•  Remittances  
Potential with 
• Biogas 
• Jatropha cultivation 
 
As discussed in chapter 3.2, Blakely and Bradshaw put much emphasis on the 
capacity factor in local economic development formula. It seems that ensuring the 
sufficient level of relevant capacities like, education, technological skills, stable 
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political and investment friendly environment will have great impact to resource 
utilization and thus economic development and social growth.  
 
It was defined already in the introduction chapter of this study that the need for 
mobile telecommunication networks exists in rural areas in developing world. 
Also, so far, the renewable energy resources and factors impacting the local eco-
nomic development are discussed. The infrastructure related projects like energy 
system and telecommunication network building and providing the related ser-
vices are complex tasks; they require contribution, capacities and resources from 
several parties in order to succeed. Thus, in the next chapter, a step to the imple-
mentation direction is taken. 
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4 BUILDING A COALITION 
 
Discussion continues in this chapter with the innovation perspective, presenting 
the idea of coalition and introducing some potential actors in a coalition like fi-
nancers and community based organizations. To conclude the chapter, the pro-
posal for local economy coalition is presented.  
4.1 Systemic Innovation 
 
Innovations are something which is needed by the companies in order for them to 
achieve the new competitive advantage and also look after the existing ones 
(Chesbrough, 2006). Systemic innovation on the other hand is an innovation 
which is having a benefit only together with other innovations which are having a 
relation and are complementary with each others (Chesbrough and Teece, 1996). 
Thus the contribution of several parties which can for example be the producers of 
complementary products is required to implement a systemic innovation (Ches-
brough and Teece, 2006). The business target in systemic innovation is usually 
outside the core business of the parties and requires significant cooperation be-
tween the involved parties in order to create the value added network and meet the 
business goal. This also means that the parties become quite dependent on each 
others too and work by using a collaboration mode (Maula et al, 2006). The oppo-
site of systemic innovation is autonomous innovation which can be executed in-
dependently from other innovations (Chesbrough and Teece, 1996).  
 
There are several kinds of parties which often act as innovators in systemic inno-
vations. Maula et al (2006) have listed the incumbents, start-up companies, re-
search institutions, different corporate ventures, research programs and industry 
consortia. This also makes the companies more reliant on each others.  
 
Related to the strategic resource allocation, the evolution of initiative selection in 
a company goes through the steps of variation, selection and retention (Burgel-
man, 1994). According to the Bower-Burgelman model, often the frontline man-
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agers produce the strategic initiatives which then fight for resources and attention 
of the leadership. Another important matter from resource management point of 
view is that how the external resources are attracted and committed in order to 
build systemic innovation. The credible internal resourcing affects the resourcing 
decisions of other parties and thus influences positively the creation of systemic 
innovation (Maula et al, 2006). 
 
One example of systemic innovation is the development of third generation mo-
bile network system (3G). The functionality requirements and development time-
tables in order to meet the business goals of each parties (equipment and service 
vendor, mobile phone producer, mobile application developer etc.), required a 
considerable cooperation which is specific to systemic innovation. (Maula et al, 
2006). 
 
Maula et al (2006) have defined the companies having a need to manage the fore-
sighting and shaping the business environment they are in. There are different 
tools used for short- and long-term periods. Especially the companies which are 
dependent on the systemic innovations should aim to shape the business environ-
ment and define the current steps need to be taken.  
 
 
Figure 15. Companies tools for foresight and shaping the business environment 
(Maula et al., 2006). 
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The idea of the open innovation is to utilize both the internal ideas as well as the 
external ones and to search the new markets for utilizing the innovations (Ches-
brough, 2006). Maula et al (2006) emphasizes the importance of open innovation 
in the shaping of the business environment. It seems to be vital for most of the 
business actors to foresee the future and act accordingly. Those actors who are 
capable to shape the future will gain a business benefit as they are able to impact 
the technologies and standards to be used after ten years, not only concentrate on 
the products or service to be launched in next two years. The open innovation has 
a significant role in the shaping work; the ideas needed in order to perform ever 
better in markets and do sustainable business cannot be found in adequate levels 
from the own organization but outside from the company walls. In the context of 
rural areas in developing world, this means that the ideas of the local people in a 
real market place are extremely valuable and thus they should involve the shaping 
work through open innovation approach.   
 
Companies usually do plans for different time periods. It is important to under-
stand that the time frame might be rather long in the projects which require sys-
temic and open innovation models as well as building a coalition. When the target 
location is in developing countries and the project is built on the existing capaci-
ties and resources or improving them, the participating organizations should have 
a long-term sight and patience as embedded in their operations.  
4.2 Building a Business Coalition 
 
Building a successful business coalition requires certain precondition to exist. 
Kemppinen (2009) defines the following as significant issues:  
• Proper combination of functions (partners) 
• Same vision within the functions shared 
• Feasible strategy 
• Win-win-win-win… prospect in short / medium / long-terms 
• Inbuilt flexibility 
• Risk and reward –attitude (shared financial risks) 
 65 
 
• Attractive and healthy business opportunity 
• Ability to invest and foster 
• Existing resources 
 
In the figure 16, several possible actors for coalition partners are presented. The 
parties are grouped according to their core business idea or point of view in this 
particular context; local economic development in rural areas. When creating a 
business coalition around some other vision, the viewpoints of some parties might 
be different. The actors which are located between the groups do not have an un-
ambiguous role but they might support the vision from more than one viewpoint. 
 
 
Figure 16. Potential Partners in a Local Economy coalition.  
 
The number of parties in a coalition should not be too high. For analyzing the im-
pacts for each party more detailed, a SWOT-analysis could be conducted for each 
of them separately. (Nuorkivi, 2009). According to Chesbrough (2003), the indus-
try leaders often play the role of architect in guiding the other parties. This view 
was also supported in the interviews; one partner should have a lead in the coali-
tion. The differences in approaches between private sector and non-profit entities 
might create frustration when parties are working together. (GTZ, 2009). 
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Some advantages and challenges typical for different parties in systemic innova-
tion coalition are presented in the table below. 
 
Table 5. Examples of the advantages and disadvantages some parties of a coalition 
might face (all possible parties are not listed here). 
Party Advantages from coalition 
participation 
Challenges from coalition 
participation 
Telecommunication 
equipment and service 
vendor 
- Access to markets 
- Expected increase in busi-
ness in long-term basis 
when the economy of local 
community is more devel-
oped 
- Corporate Social Respon-
sibility (CSR) point of view 
- No low hanging fruits 
- Many years until the 
expected business benefit 
will be gained 
- certain risk level 
Telecommunication 
Operator 
- Access to markets 
- (Renewable) energy ser-
vice available 
- CSR point of view 
- No low hanging fruits 
- certain risk level 
Constructor - Business possibilities  
Financing parties - Existing development 
framework, partners 
- Proven partners 
- risk level 
Government - ‘Load sharing’ in rural 
development implementa-
tion 
- The empowerment of the 
local communities might 
threaten the government 
levels 
Non-Governmental 
Organizations 
- Image strengthening - If not any development,  
image affected negatively 
 
 
On the business operations -cloud (Figure 16), the telecommunication operator 
looks for the possibility to do profitable and sustainable business in target area. 
Operator provides mobile services as voice and SMS and for example e-banking 
service for inhabitants within the base station coverage. On the technology -area, 
the application providers work closely with telecommunication operator in order 
to sell mobile service platforms to operator which then provides the service based 
on those platforms to their customer (mobile phone end users). For example the 
games played with mobile phones are developed by these actors. The constructors 
on the other hand, are usually having a clear, contract-based role at early phase of 
the project when radio base station site or electricity production facilities are built. 
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Generally, the electricity solution provider takes care of the electricity supply for 
the base station site and telecommunication service provider provides for example 
equipment maintenance service. The telecommunication equipment and service 
provider is looking for the business benefit through providing newest technologies 
and services for the operator and, through the growing market, expects the increas-
ing profits.   
 
The role of the actors within the local development –cloud is essential in local 
economy coalition and differentiates it from maybe more conventional business 
coalitions. Blakely and Bradshaw (2002) define that the strategies needed for the 
planning of local economic development do emerge from the local circumstances. 
As the local people have the expertise of the local circumstances, their contribu-
tion is essential in actions driving the development.   
 
Community Based Organizations (CBO) comprise of the members of a 
community who work together to provide a service for the good of they all. The 
CBOs have understanding of the needs in particular localities. They can make use 
of community volunteers, deliver service, contribute to the development of social 
capital in community and plan practical local solutions. However, the CBOs often 
suffer of lack of resources to sustain good service. (CSI Handbook, 2008). Exam-
ples of CBO’s are for example farmer’s clubs, clubs of women making handicrafts 
and activity around health issues. CBO can also be a charity with a strong local 
agenda. 
 
Both non-profit organizations (NPO) and non-governmental organizations (NGO) 
work in a village level in developing countries. NPO includes all organizations 
which do not target on making profit in their actions. They anyway can help the 
local people to develop the activities to generate income. NPO’s usually need 
grants and donations in order to keep the operations in motion. NGO, for one, has 
the main characteristic of not being part of government and not having the targets 
for making profit. NPO’s and NGO’s are able to provide services; they have the 
needed equipments and decades of experience in rural communities. Thus it would 
be valuable to utilize their knowledge in cross-divisional projects. (Korhonen, 
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2009). According to GTZ (2009), the involvement of local community into project 
should include all the significant phases (for example the project selection, design, 
governance, management and accounting).  
 
The finance –area is discussed more deeply in this study as there are several types 
of parties providing finance for different kind of development projects. 
 
The development banks are providing long term loans for the projects with aim 
for improving human’s life and poverty reduction in developing countries. Devel-
opment banks act also as research organizations and technical advisors in devel-
opment projects. The World Bank for example, allocates low-interest loans, inter-
est-free credits and grants for educational, health, infrastructure, financial, private 
sector, agricultural and environment related investments. (The World Bank, 2010). 
Regionally operating development banks are for example African Development 
Bank, Asian Development Bank and Inter-American Development Bank. 
 
The criteria the World Bank has for the projects it funds include for example the 
size of the project, the effectiveness and sustainability of it, the payback capability 
and requirements for existing business model. The application process might take 
from 1 to 2 years. (Nuorkivi, 2009). Finance is also possible to have based on the 
OBA-model from the World Bank. The Output Based Aid means that the payment 
is provided after certain, beforehand agreed output is delivered. This model makes 
it sure that the money is really spent to the original purpose and to the benefit of 
the poor. (GPOBA, 2010).  
 
Many interviewees saw the role of development banks as essential for rural devel-
opment projects. On the other hand, development banks, especially the World 
Bank have been criticized about having their own agenda and not conducting a 
proper guidance or follow-up in the projects they finance. World Bank is also 
claimed about concentrating just for large infrastructural projects, not for the 
smaller initiatives in rural villages. This is also a subject for a change and situation 
has improved in recent years (Eerola, 2009).  
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FinnFund (Finnish Fund for Industrial Cooperation) is a development finance 
institution which provides long-term risk capital for private projects in 
developing countries. The major owner being the Ministry of Foreign Affairs in 
Finland, FinnFund invest together with Finnish companies and finance ventures 
using Finnish technology, cooperate with Finnish partners on a long-term basis in 
the financially profitable projects which have environmental or social benefits. 
FinnFund finances the intermediate level which then allocates for example the 
micro loans to individuals and groups. (Korhonen, 2009; Finnfund, 2010). 
 
Microfinance is a tool providing the access to several finance related services like 
loans and micro insurance to poor people. As the poor necessarily can’t afford to 
take an ordinary bank loan, the micro financing offers them possibility to get a 
loan for running small business or other purposes. (CGAP, 2010). Microfinance is 
potential for the inhabitants with entrepreneurial mindset but who have lack of 
assets.  
 
Development cooperation is one mode in helping poor countries in their poverty 
reduction. The amount of the aid provided is usually described as percentage from 
Gross Domestic Income (GDI). The emphasis of the aid provided has changed 
from the straight aid like sending wares to a poor country more to the cooperation 
together with the country and empowerment of the local communities.  
 
The national governments fund often different assistance projects in bilateral part-
ner countries. The government providing the funding and assistance can invite 
businesses to participate those projects, often through the tendering process. (Mus-
tonen, 2009). There is some room for improvement in the follow-up of the exact 
results and neutral treatment of the communities in local level. Also the more flu-
ent flow of the money from national to local government level and more efficient 
use of money should be considered. (Poudyal, 2009).  
 
The Ministry for Foreign Affairs of Finland has launched Energy and Environ-
ment Partnership (EEP) Programme in Southern and Easter Africa and Mekong 
River area in South-East Asia. The objectives of the programme are for example 
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to support the usage of renewable energy sources and clean technologies and to 
ease the access to the energy of poor. The feasibility studies, pilot projects and 
removal of legal and institutional barriers are some of the objectives for the pro-
gramme. (Eerola, EEP, 2009). 
 
Some embassies of The Ministry for Foreign Affairs of Finland are providing 
funds for non-governmental organizations in these particular countries. This addi-
tional funding channel is possible for example in Kenya. The Local Cooperation 
Fund (LCF) allocates money for the projects related to for example human rights, 
gender equality, good governance, environmental conservation including renew-
able energy and conflicts resolution. In year 2009, the embassy in Nairobi had 1, 3 
million Euros to use for the local cooperation funding in Kenya. (Embassy of 
Finland, Nairobi, 2010). 
 
Public-private-partnership (PPP) is one key mode to manage and finance local 
development. Business Dictionary defines it as the participation of private enter-
prises in the government projects which are aiming for public benefit. The in-
volvement can be, for example, management expertise and /or monetary contribu-
tion. PPP represents collaboration and needs to be agreed by contract between the 
parties (public and private). The parties achieve more by collaborating than they 
could achieve on their own. In PPP, the private party can practice its profitability 
goals and for example its plans concerning the expansion to the new markets. At 
the same time, the public partner shall be able to pursue its development targets. 
PPP is typically created for projects to improve the frame conditions or production 
(for example cultivation). (InfoResource Focus, 2005).  
 
CSI Handbook (2008) states that the national, regional and local government de-
partments are able to leverage the capacity and skills, the political will, guidance 
how to operate according to national strategy, and are also providing the momen-
tum and scale for the PPP projects. The private party on the other hand has a role 
in providing the capital and the technical and management skills. 
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Some interviewees saw that the commercial banks might have lack of persever-
ance when financing the small business development or renewable energy projects 
of low-income people. The problems are springing up when the equipment brakes 
down before the investment loan is paid back. In these cases, the person or group 
having the loan might need to pay it back even though they do not have a func-
tional production machine in use anymore. Thus it was seen important that the 
back up plan shall exists. (Paatero, 2009). In the developing countries, the saving 
are not directed to the private sector by the banking system or equity markets at 
the same level than in developed ones. In the low income countries, the level is 
almost zero. (GEP, 2008). 
 
Bhebhe (2009) says that now it is possible also for black people to get a loan from 
a commercial bank in South Africa. Anyway, the interest rates are usually high (up 
to 20%). To get the funding, a good business plan and list of investors needs to be 
shown, the company shall be registered and company directors be nominated. In 
long term projects, the pay back time might be between 10…20 years. Each bank 
is conducting the follow-up according to its own processes. 
 
Clean Development Mechanism (CDM) 
By investing in projects which reduce greenhouse gas emissions in developing 
countries, the industrialized countries can meet part of their emission reduction 
commitment. The reasoning for this is that the emissions reduction is less costly in 
developing countries. Because the project which industrialized country invests 
shall be in line with the host country’s development priorities, the host country can 
affect to the project selection. This should strength the host country’s leverage and 
commitment to the project also in implementation phase. (Cosbey et al., 2005). 
 
Incentives and subsidies 
Piscitello and Bocach (1998) have defined some features of financial incentives 
from government for renewable energy. They have used grid-connected wind 
farms and solar home systems as basis for their findings. The incentives are tar-
geted to for example the end-users of renewable energy solutions, suppliers and 
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dealers of the solutions as well as to organizations or companies working for elec-
tricity utility as subcontractors for installation work. 
 
The authors state that all the incentives should be temporary. The incentives will 
help to implement currently still more expensive renewable energy solutions when 
compared to the conventional solutions. The temporary based incentive policy 
also shows the cost flow the government will meet when supporting the renewable 
energy. Thus it is also important to define the ending schedule (gradual or all at 
once) of the incentive clearly. (Piscitello and Bogach, 1998). 
 
There is also a difference whether the incentive is paid on investment or perform-
ance basis. The writers say that the model focusing on the performance based in-
centives encourages for more efficient projects in terms of project planning, de-
velopment, technical decisions and costs. These kinds of projects have usually 
high availability and capacity factors and low operation costs.  The investment 
subsidies or other capital based incentives might lead to projects with certain 
amount of installed capacity but the low availability level. (Piscitello and Bogach, 
1998). This point of view of supporting production on behalf of the investment is 
shared by Hietaniemi (2009). In the developing countries the renewable energy 
especially needs support because the payable customer base is thin. Investment 
support is usually thought as an oddity when others put feeding tariffs to support 
the production. In Finland, the transferring from oil (fossil) to renewable energy in 
hundreds of locations is supporter with help of investment subsidies. That kind of 
support works when the investment is done properly. (Hietaniemi, 2009). 
 
The role of competitive bidding procedure is also relevant. By going through such 
a process, the technology and project development costs can be reduced. This also 
impacts to the decreased need for financial incentives paid by the government. 
What is also emphasized by the writers is the size of the financial incentives. The 
incentive should be near to the additional cost of the renewable energy solution 
compared to the conventional solution. This facilitates decreasing the develop-
ment costs and limits the total incentive amount. It also needs to be noted that 
some flexibility might be needed concerning the incentive amounts. If the cost of 
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energy from conventional sources is shifting (the investment or production or 
both), it might reflect to the incentives paid for renewable energies too. (Piscitello 
and Bogach, 1998). 
 
Thus, some examples of financial incentives are gathered together below: 
• Subsidies against investments 
• Subsidized loans 
• 100% accelerated depreciation 
• Grants per systems sold 
• Government subsidies against installed costs 
 
These organizations described above are examples of the financers of the devel-
opment and energy related projects. It seems that the organizations having a spe-
cific angle to development, poverty reduction and renewable energy questions are 
able to fund projects with certain risk level. In addition, the availability of finance 
is seems to be relatively good. This was also emphasized in Africa Energy Forum 
(2009) and basically the issue raised up was the lack of financeable projects. On 
the other hand, many projects are trying to get the funding for their initiatives in 
developing world. The possible obstacles for this mismatch might be the rigid 
structures of big financing organizations, as well as the uncertainty or lack of re-
sources on the applicant side. 
4.3 Summary of building a coalition 
 
Systemic innovations means the innovation which cannot be achieved alone but it 
requires other related innovations and another parties. Open innovation is related 
to the systemic innovation as it means that the ideas are actively searched outside 
from own company by cooperating with business partners, customers and with the 
local communities. It seems that the characteristics of both systemic and open in-
novation are very important in order to build local economy coalition. There also 
some prerequisites the coalition would work, for example having a same goal and 
risk and reward -mind-set is needed.  
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In this chapter, also some thoughts about the potential partners of the coalition 
were presented. Community-based organizations, non-profit organizations and 
non-governmental organizations have a significant role in the development of ru-
ral areas; their experiences about the local characteristics are valuable. In addition, 
some of them might be able to contribute in operations level by utilizing the exist-
ing equipments. 
 
There are several financing organizations providing finance for development and 
energy related projects. They have different emphasizes in terms of their aims, the 
scale of the projects they finance and also regarding the risk level they take. The 
financers are summed up in the table below. 
 
Table 6. Summary of financing types and providers 
Financing  
organization 
Role in local development Role in  
renewable energy 
Development  
banks 
• Providing the long-term fi-
nancing (low interest loans, 
grants) 
• Aim in poverty reduction 
• Facing the criticisms also 
• Providing the long-
term financing (low 
interest loans, grants) 
• Poverty reduction 
through electrifica-
tion 
Development  
finance institution 
(FinnFund) 
• Financing for long-term pro-
jects, with certain risk, envi-
ronmental and social benefit, 
feasible plan to exists  
• Intermediate financer for 
lenders of microloans 
• Financing feasible 
energy projects with 
environmental and 
social benefit 
Microfinance • Financial services for low-
income people in order for 
them to start income-
generating activities 
• Income-generating 
activities related to 
energy are financed 
but not in special at-
tention 
Development  
cooperation 
• Aim in poverty reduction 
• Shift from straight aid to co-
operation with the bilateral 
partner countries 
• Specific programmes 
for driving the energy 
and environment re-
lated initiatives 
Public Private  
Partnership 
• Projects targeting on im-
provement of frame condi-
tions, for example infrastruc-
ture 
• Energy as one infra-
structure to improve 
of 
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Financing  
organization 
Role in local development Role in  
renewable energy 
Commercial 
banks 
• Usually not any specific in-
terest to rural development of 
financing low-income people 
• Relatively high interest rates 
• Might be difficult to 
get funding for re-
newable energy pro-
ject and sufficient 
provisions 
Clean  
Development 
Mechanism 
• Impact through the energy 
angle 
• Renewable energy 
projects in developing 
countries 
Incentives and  
subsidies 
 • For promoting the 
renewable energy us-
age 
 
4.4 Proposal for Local Economy Business Model  
 
Many definitions for a business model exist. According to Timmers (1998), a 
business model defines several things; the flows for products, services and infor-
mation as well as the actors in a business including their roles and the benefits 
they will gain. In addition, the sources of revenues are defined. Timmers also em-
phasizes that in order to understand the deployment of the business model better, 
more information regarding the marketing strategy and competitive advantages 
should be presented. Those are not discussed in this study and could be covered 
among the further steps.    
  
The proposal for a local economy business model below is based on the possible 
local economy partners presented in figure 16. The model also follows in some 
level the business model definition of Timmers. 
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Figure 17. Proposal for Local Economy Business Model 
 
The earnings principle presented in the figure above is the following. 
 
Local entrepreneuer / cooperative 
• Receives initial funding from development banks / commercial banks and 
pays interests to the bank.  
• Receives funding from local government (whether this funding is available 
varies between countries) 
• Sells electricity to telecommunication operator for running the Radio Base 
Station 
• Sells electricity to villagers for domestic purposes (lighting, mobile charg-
ing, TV etc.) 
• Sells electricity for municipal use (for example for lighting in schools) 
• Receives revenue from telecom operator, villagers, municipal users 
• Consultancy from renewable energy NGO, payment back to them from this 
service OR just changing the information 
• Information flow with local villagers 
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• (If electricity is produced from Jatropha plant oil, the seeds can be bought 
from villagers if not cultivated by the entrepreneur / cooperative. If elec-
tricity is produced through anaerobic digestion, the waste biomass is 
bought from villagers. Payment made to villagers accordingly.) 
 
Telecom Operator: 
• Provides telecommunication services to villagers, gets the payments from 
them accordingly (pre-paid or other solution) 
• Purchases electricity from local entrepreneur for radio base station 
• Purchases equipments and services from telecom product and service pro-
vider (NSN) 
 
Telecom equipment and service provider: 
• Sells equipments and services to telecommunication operator, is paid ac-
cordingly. 
 
Villagers: 
• Buy services from telecommunication operator 
• Buy electricity from local entrepreneur / cooperative 
• Change information with local entrepreneur / cooperative and Community-
Based Organization (for example a farmer’s club, handicraft club for 
women) 
• Provides feedstock for local entrepreneur / cooperative if not cultivated / 
produced by itself and is paid accordingly. 
 
Municipality: 
• Buys electricity from local entrepreneur / cooperative and uses it for ex-
ample for lighting in schools and health centers. 
• Rents the facilities (+ electricity ) for Community Based Organization’s 
use (handicraft clubs of women, evening studying)  
 
Non-Governmental Organization: 
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• Provides consultancy service for local entrepreneur /cooperative regarding 
the bioenergy based electricity production OR the information is changed 
on gratuitous basis. 
• Gets funding from local government as grants (might vary on country ba-
sis) 
 
Community based organization (CBO) (farmer’s club, handicraft group of women 
etc.): 
• Rent facilities (room + lighting) from municipality for its use e.g. in eve-
nings (for education, hobbies) 
• Provide for example agricultural education for farmers, health education 
for women 
• Information flow between people in a village and CBO’s 
• Received grants from local government (might vary regarding the country 
policy) 
 
National government: 
• Allocates money to national levels. 
 
Local government: 
• Gets money from national government level. 
• Provides grants for non-profit organizations, community based organiza-
tions 
 
The information flows presented in this model have significance especially in a 
coalition which has a common vision to develop local economy.  Two parties hav-
ing cooperation usually always do share information to some extent in addition 
with money, products and services. 
 
As discussed in the chapter 3.2, the factors impacting the local economic devel-
opment presented by Blakely and Bradshaw included the economical, technologi-
cal, political and social factors. In addition, according to the Solow’s growth 
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model and its interpretations, the endogenous as well as technological aspects do 
accelerate the economic growth. It is also defined that the level of sufficient 
amount of electricity for village’s purposes creates the basis for the local eco-
nomic development and is thus an essential infrastructure. Next, the discussion 
continues with explaining how these aspects are embodied into the proposed busi-
ness model. 
 
This model increases the economical capacity of families and community by pro-
viding the access to electricity. Due to the better lighting for example, the circum-
stances for studying and conducting the activities targeting to income-generation 
at night time would be improved in great terms. Also the access to modern com-
munication services makes it possible for people to improve their livelihoods. In 
order to utilize the energy factor, the electricity should be affordable for the local 
community, though.  
 
The issues impacting the technological capacity of rural communities are related 
to inhabitants’ knowledge and skills to utilize the old and new technologies. In the 
model, especially the NGO focusing on renewable energy and for example cultiva-
tion or craftsmanship oriented Community Based Organizations do have roles in 
providing support for local people in technology introduction.  
 
Blakely and Bradshaw (2002) have defined that local economic development 
means a process in which local governments or community-based organizations 
encourage or maintain the business activity and employment in the area. This idea 
works quite well in this model. The political capacity is dependent on the level of 
the stability, corruption and conflicts, for instance. In addition, the political capac-
ity in national level impacts heavily to the policies and their realization in local 
level. It can be assumed that in the location in which the proposed business model 
could be implemented, the national government puts emphasis on local level de-
velopment and support can be provided for different organizations by the local 
government. It is also an interesting question what is the national policy regarding 
the renewable energy and could the government support rural electrification with 
subsidies or incentive payments. 
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The involvement of Community Based Organizations in social capacity strength-
ening can be very valuable. In this model, the CBOs can provide information and 
transfer knowledge to individuals and thus build the social capacity and empower 
people in a short and long run. The endogenous factors like entrepreneurial skills 
(Uwasu, 2006) presented in chapter 3.2, can also be strengthen with the contribu-
tion from CBOs.  
 
There are also many of the resource factors defined by Blakely and Bradshaw 
(2002) and discussed in chapter 3.2. The electricity production can provide stable 
work when the biomass is used as a resource. Also the small business develop-
ment (carpentry, small shops) based on sufficient amount of electricity is a poten-
tial source for income especially even in the short run. It can be seen that the en-
trepreneuer has a central role in a business model. This requires a climate potential 
for entrepreneurship and having a right man or woman involved. Also, as the de-
velopment bank or other organization provides the financing to the entrepreneur, 
the capital is thus owned and the investment is most probably taken well care of. 
To continue, the proposed model will bring the communications infrastructure to 
the not-connected area. From the electricity entrepreneur’s point of view, the tele-
communication operator is one long-term customer having a demand for electric-
ity. 
 
As there usually is a need for external financing in electrification and development 
projects, the development banks and other financers are involved in the model 
proposal. Especially the bioenergy based solutions do need the investments only in 
rather low level and thus the capital should not be a bottleneck in the project. The 
needed, available land is an issue especially if electricity is produced from bio-
mass. The ownership and land usufructuary varies greatly based on the specific 
location and thus this factor is not defined here more precisely.  
 
It is difficult to say whether there are too many or few parties in this model. In this 
context, to present a generic business model, it feels feasible to include the parties 
having significant role in initial phase or central, permanent role on continuous 
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basis. Within a long time perspective, the intensity of participation of an actor 
might vary and parties might even change.  
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5 BUSINESS CASE 
 
In order to provide a general view to the cost of off-grid electricity production, 
some business case calculations were made. The purpose of the calculations was 
to increase the understanding of the factors behind price formation.  
 
The business cases were chosen to be calculated for the biogas and raw vegetable 
oil from Jatropha plant. In the context of the local economic development, the 
utilization of biomass for electricity production and these particular solutions have 
certain advantages. They do not require high initial capital investments, they have 
a low impact regarding the potentially hazardous substances and the special skills 
are not required in production phase. They are also relatively location free as well. 
As already mentioned there is often plentiful of feedstock available; waste bio-
mass for methane production through anaerobic digestion and Jatropha for plant 
oil production. As the production technologies are relatively simple, the equip-
ments are easy to use and maintain. On the other hand, the unexpected mainte-
nance needed is thought to be rather rare as the technologies needed are already 
well known and proven. 
 
In the table below, some key information is presented related to electricity demand 
of base station site. Together with the electricity provided for domestic and 
municipal use in local community, they form the total electricity demand in a 
village. 
 
Table 7. Key figures related to electricity demand of an autonomous radio base 
station (Häkämies, 2008). 
Issue Data Note 
Power consumption 1…2 kW NSN 
Daily utilization (18)…24 hours decision by operator 
Autonomous days allowed 0…5 decision by operator 
Required lifetime 20 years estimated 
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The calculation regarding the Jatropha plant oil (raw vegetable oil) shows that 
the harvesting and grinding of Jatropha seeds and filtering the oil to be suitable for 
generator are highly labor-intensive work. In calculations, the working time of six 
days a week and eight hours per day is used. According to ILO (1997), the earn-
ings per month per employee in agricultural sector was 22 €11 in Kenya. Sunday 
Nation (2010) refers to the 29 € / month as a minimum salary for agricultural 
workers in Kenya.  
 
In the table below, two example calculations for Jatropha plant oil are presented. 
 
Table 8. Main figures from Jatropha plant oil based business case calculation (Ap-
pendix 4).  
Jatropha plant oil - 
example 1 
 Jatropha plant oil -  
example 2 
 
Capacity 100 kW  Capacity 100 kW  
Labor need 529 workers Labor need 529 workers 
Monthly salary 37 € / month Monthly salary 39 € / month 
Gross margin 10% Gross margin 10% 
Price of  
electricity 
0,40 € / kWh Price of  
electricity 
0,40 € / kWh 
Net present value 101 643 € Net present value c.a. 0 € 
Time to positive  
cash flow 
3 years Time to positive  
cash flow 
10 years 
 
It can be seen that providing rather high capacity of electricity by using Jatropha 
plant oil solution requires much labor. The net present value is pushed near to zero 
when the monthly salary is raised by two euros. If the workers are paid in these 
levels, the daily salary is hardly above the 1, 4 € 12 (37 € / month) which is often 
referred as one line of poverty.  It can be stated that with these salary levels, the 
electricity production from Jatropha plant oil is not sustainable business from the 
agricultural workers point of view. By increasing the use of machines in electricity 
production, the need for manual labor would be less and thus increases the salary 
per worker. 
 
                                                
11
 2311 KES (Kenyan Shillings) 
12
 Equals for 2$ 
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Net cash flow (100 kW generator)
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Figure 18. Net cash flow of Jatropha plant oil based electricity production    
 
Some remarks from the utilization of Jatropha plant oil: 
• Using the hand press in grinding the Jatropha seeds would have required 
over 1000 workers in order to provide 100 kW of power. Thus the cases 
are calculated by using the figures based on expeller usage. 
• Women and girls are often working as agricultural labor. That has an im-
pact to their total workload and hinders the school going as all family 
members are needed for working for livelihood. The exploitation of poorly 
paid workers and child-labor usage are serious problems among the agri-
cultural sector. 
 
It shall be noted that these calculation do not include the costs from the land the 
Jatropha is cultivated. Neither are the replacements of the expeller and generator 
in plant oil calculation included; during the calculation period (15 years), the 
awaited need for replacing the equipments is two or three times. In addition, sell-
ing the by-products (seedcake for fertilizing, glycerin for soap) is not included 
either.  
 
Biogas solution, on the other hand, is not as labor-intensive as Jatropha based 
electricity production. In anaerobic digestion, the waste biomass like animal dung, 
household bio waste, biomass from forest and fields as well as also human waste 
can be utilized. It is thus also a waste management solution. There is usually 
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plenty of feedstock available in and nearby the villages. However, some chal-
lenges can be identified. The question about the sufficient amount of cattle in the 
farms nearby the small biomass digester utility is a relevant issue. The required 
amount of dung might not always be available to be used. In addition, the digester 
usually requires some water in order to work effectively. In many areas the women 
and children have to walk and bring the drinking water outside from the village. 
The usage of water to electricity production is thus seen not appropriate approach.   
 
Table 9. Main figures from biogas based business case calculation (Appendix 5).  
 
Biogas - example 1  Biogas - example 2  
Capacity 90 kW  Capacity 90 kW  
Labor need 20 workers Labor need 20 workers 
Monthly salary 55 € / month Monthly salary 94 € / month 
Gross margin 10% Gross margin 10% 
Price of electricity 0,176 € / kWh Price of electricity 0,176 € / kWh 
Net present value 78 710 € Net present value 
c.a. 
0 € 
Time to positive  
cash flow 
3 years Time to positive 
cash flow 
9 years 
 
The production of biogas requires much less labor than Jatropha plant oil solution, 
even though in these calculations the amount of workers is just an estimate. By 
using the monthly salary of 55 € in the calculation, the net present value is positive 
and the time to the start of positive cash flow is rather short. Anyhow, as this 
amount of salary equals only 1, 8 euro per day, the case was calculated also by 
using higher salary (90 € = 3 € / day). The example 2 in the table above shows that 
this level of salary results net present value of zero with the time to positive cash 
flow starting from tenth year onwards.   
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Net cash flow (90 kW, biogas)
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Figure 19. Net cashflow of biogas (anaerobic digestion) based electricity produc-
tion. 
 
These biomass based energy solutions have also their challenges. Regarding the 
Jatropha plant oil, the serious consideration of the land resource shall always be 
done due to the competition with food production. The reliability issue needs to be 
considered as the certain applications, like radio base station and cold chain re-
lated equipment used in households and municipalities can not stand even short 
brakes in electricity supply. The back-up energy solutions like batteries are on the 
other hand an integral part to be considered when these applications are planned 
for and executed in off-grid environments. As methane gas is a primary product 
from the anaerobic digestion, certain safety issues needs to be taken into account. 
When comparing to the price of diesel oil, which is 1€ / liter, these prices of re-
newable energy are very inexpensive. 
 
At some point, it is probably possible to implement another renewable energy so-
lution and use them as parallel or complementary basis. When the economy has 
developed to certain extent (people do have diverse sources for income generation 
and they are willing to invest their small businesses for example), the demand of 
electricity will increase. Thus investing to solar panel system or wind power might 
be a good solution, depending of course that particular business model and the 
provided capacity of the solutions.  
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6 CONCLUSIONS FOR LONG-TERM BUSINESS PERSPECTIVE 
 
 
In order to meet the business benefit based on the economic growth in rural vil-
lages, the companies should be patient first with the start of the business opera-
tions and secondly regarding the expected profits. It takes time to establish or find 
a good coalition with good parties. In addition, getting the finance from some fi-
nancing organizations might take time as the application and approval process 
might be complex. The economic growth does not happen quickly and also a de-
celeration might happen in progress. Being proactive and having a mind-set suit-
able for long-term planning are needed prerequisites for a company with their 
sights on business in rural, developing areas.  
 
As already mentioned, systemic innovation (and a coalition model based on that) 
is a good means to be utilized as an approach when targeting market creation in 
developing countries. The open innovation is especially important when the local 
community is one party in a coalition. Sustainable development and business can 
be created only by adjusting the strategies and tools to the local circumstances.  
 
As each area and market have their specialties, also the rural, developing areas 
have some challenges the companies most probably will face. For example the 
political instability and conflicts have a lot of impact on the investment climate 
and might bring certain predictable difficulties in business operations. In the coun-
tries with more economic freedom, starting and doing business is easier. The low 
educational level, often being the reality in the rural villages’, needs to be taken 
into account when new income generating activities are discussed as well as when 
new communication services are implemented. The role of women and girls is 
something to be considered when electrification for the village is planned. They 
are often exploited as workers. The strong impact of a tribe on the individual is 
also something to be prepared for.  What the overall impact of electricity and 
communications is to the social network in a village is also interesting and often 
remains to be seen. The existing statuses of the leading persons in a village might 
be affected when inhabitants have access to electricity and information. 
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The theories presented earlier in this study do emphasise the importance of local 
community, the capacities and endogenous factors in economic growth. Thus, in a 
local economy coalition, the involvement of local community is absolutely essen-
tial. To continue, the development of the capacities of local community should be 
supported first. After that, people are able to utilize resources better (and increase 
them also) and create again more wealth for the community. The endogenous as-
pects like education, skills and entrepreneurial abilities are among these capaci-
ties. The community might need some spur anyway regarding how electricity can 
be utilized for small business for example.  
 
There is always, of course, a possibility that the coalition may not work as in-
tended and the shared vision is not reached. As there are many parties affecting 
systemic innovation, there are also many possible reasons why cooperation is not 
working. One issue might be the lack of interest of local entrepreneurs in the long 
run. Also, if government policies are changing during the project, this might have 
negative impact. The members should keep in mind the possible risks the initia-
tives have. 
 
It was stated already in the introduction of this study that the multiple winning 
situation could be a target for this kind of local economy approach. This is a pre-
requisite for the coalition members for their involvement but there are also other 
aspects. Thus, the following could be stated: 
• The inhabitants in rural villages will have possibilities for income genera-
tion and increased living standards due to the access to electricity and to 
affordable communication services too 
• When the inhabitants in rural villages have possibilities to gain their liveli-
hood in a home village, they will not migrate to urban areas. If this is an 
aim of governments on the local and national level too, the local economy 
approach will support their aims. 
• Renewable energy, when used as a resource for power generation, provides 
energy without emission to the air. This benefits both the health of the 
people and environment. 
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• When the telecommunication operator has made a business decision to 
provide services for a rural villages, he will profit when the villagers’ de-
mand more service because of the better economic situation in families. 
• The telecommunications equipment and service provider will profit when 
the operator invests more to the solutions in a village due to the increasing 
demand for services by the mobile phone end users. 
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7 DISCUSSION 
 
This study has aimed to provide a holistic view to local economic development by 
focusing on two infrastructural entities. The electrification of off-grid villages by 
using renewable energy sources has been under main discussion as that is a key 
enabler for local economic growth. The role of another important infrastructure, 
communications network, has been minor in this study but is fundamental from 
the context point of view. Providing affordable communication services to people 
living in rural areas and using renewable energy in a base station site are signifi-
cant business targets for the telecommunication sector. 
 
The renewable energy solutions were presented in chapter 2 and the aim was to 
provide information about the sources especially good to be utilized in rural envi-
ronments. Some comparison regarding the suitability for income-generation was 
also done but in general level. The business cases were calculated for biomass 
based solutions and thus the comparison between solar, wind, hydro and biomass 
was not conducted. The business cases for Jatropha plant oil and biogas provided 
information on the profitability of those particular solutions. 
 
One aim of the study has been to provide a view to the economic development 
fundamentals which have impacted the economic growth in developed countries. 
As the study did not include a field research part, the experiences of the interview-
ees were valuable and gave depth to the research. Due to this rather general setup 
and the fact that in this work, no specific country nor a specific local area was tar-
geted, the study could be applicable in different developing countries. Africa has 
been much in the discussion; some challenges but many opportunities exist in 
rather significant levels in the continent. South-East Asia has also been referred to. 
Latin America has not been under discussion but the results from this study could 
be valuable in certain locations there. The results from this study can be utilized in 
further projects in the telecommunication sector and when building the local 
economy coalition in practice. The work could be used as a reference in projects in 
some other industry sectors too which do have an interest regarding local eco-
nomic development in developing countries or renewable energy solutions there. 
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The local economy coalition could be a useful vehicle in order to provide a boost 
to poor, rural areas in developing countries. The telecommunication sector has to 
have patience in order to wait for the economic development. For the telecommu-
nication sector, the business potential seems to be available but it takes time be-
fore the local economy has developed to reach the larger scale. Before that, the 
tools and support for the rural communities should be provided to enhance the 
local development and inhabitants’ possibilities for wealthier life with less pov-
erty.  
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8 APPENDIX 
 
Appendix 1 
 
Questions for interviews 
Local development  
• What are the current sources of income in rural villages? 
• What is the current (average) income per person in rural villages? 
• Which are the attitudes towards the usage of mobile phones? 
• What is the needed income rate to increase the demand for mobile phones 
and services? 
• How does the availability of electricity correlate with the local (also eco-
nomical) development in a rural village? 
• Which are the factors affecting the possibilities to grow raw material for 
bio fuel (ownership of the arable land, traditions, specific education, 
women’s role in community, entrepreneurship?) 
• How does the politics affect the rural area development? 
 
Renewable energy 
• Which are the current electricity sources in rural villages? 
– Sunny days per year, wind conditions, land area to farm raw mate-
rial for bio fuel 
• What is the energy needed for in a rural village (lighting, heating, cooking, 
using electric devices?) (The amount that is needed on daily basis) 
• What should be the price of the electricity to make it affordable to villag-
ers? 
• Which are the possibilities for villagers to contribute the production of re-
newable energy (others than growing the energy plant)? Maintaining the 
energy source equipments etc? 
 
Business model 
• What is the role of development banks in developing the welfare in rural 
areas and thus supporting sustainable business possibilities there? 
• The criteria the organizations have for the projects they fund? 
• Typical pay back time for energy projects? 
• Typical interest for loan in energy projects? 
• Follow-up procedure? 
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Appendix 2 
 
Table 10. Technologies likely to be commercially mastered by 2020 (marked with 
x). The required technological sophistication increases towards the end of applica-
tion list. (Silberglitt et al, 2006). 
Technology application Most of Af-
rica, Middle 
East, Oceania  
Latin America, 
South Africa, Tur-
key, Indonesia 
China, 
India, 
Russia, 
Eastern 
Europe 
Industrial 
Countries 
Cheap solar energy x x x x 
Rural wireless commu-
nication 
x x 
 
x x 
Genetically modified 
crops 
x x x x 
Filters and catalysts x x x x 
Cheap autonomous 
housing 
x x x x 
Rapid bioassays  x x x 
Green manufacturing  x x x 
Ubiquitous RDFID tag-
ging 
 x x x 
Hybrid vehicles  x x x 
Targeted drug delivery   x x 
Improved diagnostic and 
surgical techniques 
  x x 
Quantum cryptography   x x 
Ubiquitous information 
access 
   x 
Tissue engineering    x 
Pervasive sensors    x 
Wearable computers    x 
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Appendix 3 
 
Table 11. Production and use of liquid biofuels. European Commission 2006, Bio-
fuels in the European Union, a Vision for 2030 and Beyond, Final Report of the 
Biofuels Research Advisory Council. 
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Appendix 4 
Table 12. Business calculation for Jatropha plant oil 
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Appendix 5 
Table 13. Business calculation for Biogas (through anaerobic digestion) 
 
 
 
 
